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A prObleM is not necessarily 'solved' juSt bedause

the correct reSpOnSe has been made. A problem i8 nOt trtly

solved unless the learner tnderstands what he/she ha8 done

and knows why his/her actionS were appropriate (Brownell 1942).

3



iii

How often do teachers accept a correct conditioned

response for conceptualization?
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INTRoDUCTION

In its Agenda for Action: Recormendations for School

Mathematics of the 1980's,the National Council of Teachers

of Mathematics strongly recommended that problem solving be

the major focus of school mathematics. The NCTM recommendations

were a result of studies conducted by the National Assessment

of Educational Progress and the National Science Foundation.

These studies revealed children's extremely poor performance

in the problem solving skills;

The number of papers concerned with problem solving which

have been published sincc the NCTM statement was made; abound;

These efforts have been sincere responses to NCTM'S recommenda-

tion and deserve to be read and considered. The studies reviewed

in this document, hcwever, were limited to experimental research.

They were publiShed Since 1q80 when the NCTM recommendation was

made.

Th0 excluSion of experimental studies completea Prior to

1960 in this document was because of resource limitations,

especially time. Many of these prior studies were landmark

contributions to the teaching of word problem solvina. They

too deserve to be read and considered.

8



CHARACTERISTICS OF VERBAL INTERACTION PATTERNS

OF TEACHERS OF MATHEMATICAL STORY PROBLEMS

Beth Ann Herrmann (1986)

Teachers who receiVed identical training for teaching word

problems to children and Wild taught these same strategies to

children differed qualitivély in their abilities to help their

learners become strategic adcording to Beth Ann Herrmann (1986).

The teachers differed in the ability to interpret their students'

restructuring of information and Spontahebusly respond to student

understanding or misunderstanding. They differed in their

ability to stay on task when re-explaining. Those teachers who

PrOVided explicit explanations and interacted effectively with

their Students during instruction woro MOre successful than

teachers who prbvided explicit explanations but h-d difficulty

interpreting their students restructuring of ilistructional

informatiOn and spontaneity in responding to their StudentS'

understanding or MiSunderStanding. The teachers' ability to

understand and explain the Mental processing that occurred When

using the strategy iS more important than merely fccusing on

the procedural recall of the ttepa of the strategy;

Teacher educators should help their students see the

relationship between teacher conceptual understanding and student

conceptual understanding. Teachers need to know hoW to interpret

2
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their students' restructuring of instructibnal itlfottation and

spontaneously respond to student underStanding or Mi8Understanding

Teacher educators should emphasize how to stay on task

when re-explaining how tO give stUdentS direct help in

restrtottring new instructional information. Teacher educators

themSelVeS need to learn how tO interpret their own students'

reStrticturing of information and respond effectively to students'

understanding or misunderstanding. When students misunderstand,

teacher educators must re-explain; re-model and give students

direct help in restructuring tne new information.

CommentsCriticism, Questions and Concerns

The researcher focused her study on the effortS Of only

two teachers. Did these teachers teach two separate grOupS?

If So la-OW did these groups compare in their general scholarly

abilities? The researcher did not present her own explanations

of the mental processes related to each step of the problem

solving strategy process; An example of the step by step

.trategy pruess Pccompanied with example ImentaP processes for

each step might have been helpful to the reader and to the

teachers involved in the study.
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STRATEGIC PROBLEM SOLVING OF MATHEMATICAL STORY PROBLEMS:

A DESCRIPTIVE STUDY OF THE EFFECTS AND

CHARACTERISTICS OF DIRECT TEACHER EXPLANATION

Beth Ann Herrmann (1986)

The efforts of fotir graduate Studentb teaching twelve

clinical students who were having difficulties With solving

mathematical story problems were stUdied by Beth Ann Herrmann

(1986); The purpose of her study was tO determine the extent

to which graduate students, who were trained to apply an explicit

explanation model of instruction, provided such explanations

when teaching poor problem solvers how to use problem-solving

skills strategically and to describe characteristics of effective

ekplanations; This purpose was based on research .Which

suggested that students learn best when teachers are direet and

e::plicit in providing instruction (Pearson, 1984; Roehler and

Duffy, 1984; Brophy and Good, 1986);

The Sedeind purpose of the study was to examine the effects

of explicit explanations about how to use problem-solving skills

strategically on students' (a) awareness of how to be strategic

when sOlving word ploblems; (b) conceptual understanding of the

need to be strategic when solving story problems; and (c) the

ability to seloct and apply specific strategies for solving

story problems; The author based this purpose on descriptive

studies of students' thinking which have examined the link

11.



between cognitive processes and student achievement (Winne and

Mark, 1982; Peterson, Swing, Braverman and Buss, 1982: Duffy,

Roehler, Meloth, Polin, RackIiffe, Tracy and Vavrusi 1985).

The teaChers received six hours of identical training on

hOW t0 use teChniques of explicit explanation when teaching

mathematics story problem-solving strategies followed by an

explicit explanation model.

Herrmann's results indicated that there was indeed a

relationship between the explicitness of the teacher's

instructional talk and what students learned, and that this

relatioaship existed regardless of whether the inStrUCtiOn

focused on strategic reading or strategic problem Solving. The

teachers who were more explicit in their explanation8 about hoW

to use problem solving skills strategically were more successful

ill teaching poor problem-solvers to be strategic. The teachers whc

ptoVided expliCit explanations had students who were more aware

of hOw to be strategic, better able to conceptually understand

the need to be Strategid and better able to apply problem solving

strategies. Less explicit teachers had students who did not
_

improve in awareness, conceptual understanding or ability.

Herrmann recommended that teacher educators p t emphasis on

how explicit explanations influence student awareness of how to

be strategic, their conceptual understanding Of the heed to be

Strategi6i and their ability to select and apply prbipieth=d1vilij

strategies Teachers need opportunities to plan and itplement

ekpliciz explanations of how to use problem-solving skillS

Strategidally.

1 2



Commentt, Critiditt, Questions and Concerns

The popUlation of the Study involved only four graduate

students (teachers') and tWelVé clinical pupils. How would

the results differ if the poptilatibn for each teacher was

increased to 30 pupils? Did the author indlude an example

of an explicit explanation model in the appendi?

COUNTING TYPES AND WORD PROBLEMS

Paul Cobb (1986)

Paul Cobb (1986) Purdue University conducted four analyses

of models of childrens counting types. These included two

computer-based mOdels of arithmetical WOrd problem solving ability

and an analysis of developmental trends in Children'S solution

methods to word problems; These analyses were Steffe, Von

Glaeerfeldi Richards and Cobbs (1983) model of Children't

COunting types and its extention to thinking strategies (Cobb,

1983), two computer based conceptual models of arithmetical

WOrd problem bblVing (Briars and Larkin, 1984; Riley, Greeno

and Heller, 1983), and Carpenter and Moser's (1984) analysis

of developmental trends in children's solution methods to

arithmetical word problemt. Cobb's analysis falls into two

distinCt parts. The first part relates to the work of Steffe

1 3
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et al. and the two computer based models dealing with children's

ability to solve various types of arithmetical word problems.

The work of Carpenter and Moser tda8 then focused on the nature

Of children's solution methods; The second part of the analysis

soughtpossible relationships between Steffe and Carpenter and

Moser's work;

Cobb's findings indicated relationships between the two

computer based models and the work of the Steffe team with

qualifications. Cobb also found a relationship between the

Steffe model and Carpenter and Moser'S analysis word problem

solution methods. 'According to CObb, these relationships did

not determine whiCh MethOd a child Utilized to solve a given

-;
task. They Merely indicated the most advanced methods of

SOlutiOn that children typically used at given levels, eg;i it

was found that abstract counters generally used direct modeling

methods for all change word problems; Cobb's findings supported

the complexity of the problem with the open question, i.e., of

how to sequence instruction in order to build on children's

informal mathematical knowledge. Cobb's findings suggested

that it might be premature to develop curriculum material§ and

instructional strategies explicitly designed to teach the tse

of specific methods of developing solttions. Cobb suggested a

more caUtious approach of developing activities and organizing

classrooms to encourage children to develop self-generated

solution methods.

Cobb's findings seemed to indicate differences in the

ability of children at the same conceptUal level to donStrudt

14



_
and maintain representations of sensory =tor actions.

Comments, Criticism, Questions and Concerns

CObb'S findihgt teemed to suggest a soft or cautious approach

to some*of the explicit inStructiOnal directions methods.

The reader might convex-801y relate Cobb's conclusions to those

of Herrmann (1986) concerning okplicit inStrUctions.

A respect for the work of Piaget might be Suggested in

this study.

COGNITIVE FUNCTIONING AND PERFORMANCE ON

ADDITION AND SUBTRACTION WORD PROBLEMS

ThomaS A. Romberg, Kevin F. Collis (1983)

Do children in the third grade who differ in cognitive-

processing capacity solve addition and subtraCtiOn WOrd

problems differently? This is the question addressed by

(Romberg and Collins, 1983).

The cOgnitive-processing capacity of children was related

to the strategies they used to solve word problems (cognitive-

processing theories are founded on the concept that mental

functions can be described by the way information is stored,

accessed, and operated on).

15
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Eleven children Who had juSt stärtd the third grade were

aéléotéd from 139 children who had taken 14 tests of cognitive

functioning. Four tests were designed to measure working-memory

capacity (M-space) for mathematical material. Ten quantitative

processing tests were chosen.

Each child was individually interviewed on two sets of

wordproblems by one of two trained interviewers on three

occasions. An interview was defined as two sets of six problems

each. The students were asked to solve these problems.

Romberg and Collis found that children differed in their

cognitive capacity to function with quantitative verbal problems

and that the children who differed in cognitive-processing

capacity also differed in the strategies they used to solve

given verbal problems and in their success in finding correct

solutions. Furtheri children's decisions to use taught algorithms

to solve these problems appeared to depend Mote on the sethantid

structure of the problems than on either instruction or cognitive

capacity. These findings suggested that there are some children

who are able to reason about quantitative problems i.e. , they

know the basic prc,!edures of addition and subtraction but may

not use algorithmic procedures to find answers to verbal

problems; They are satisfied to use direct modeling and

counting. They are not convinced that the use of algorithms

is efficient. Another group of children seemed to be weak in

their ability to reason about quantitative problems. They did

nbt know the basic procedures for addition and subtractibn.

They had not mastered the skills of direct modeling or counting
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strategies. These childrenticjhttry tb use algorithms to

solve verbal problemS but not SucceSSfully.

Comments,_ Criticism, Questions and COncernt

Romberg and Collis suggested that we reeXatine the

relationship between instruction on algorithms and their

application; They seemed to question the current emphait On

paper and pencil algorithmic procedures as being inappropriate

at this early stage of development.

The population of this study seemed too small. The

researchers outdOmes seemed to support the work of Piaget.

Their conclutions seemed sound and should be considered.

THE ROLE OF IMPLICIT MODELS IN SOLVING

VERBAL PROBLEMS IN MULTIPLICATION AND DIVISION

Efraim Fischbein and Others (1985)

The basic assumption of this research was that arithmetical

operations are intuitively attociated with some primitive

behavioral models whose existence and influence the person may

not be aware of; These primitive models may act beyond any

conscious control and may sometimes make the solving of problems

easier or may slow down, divert or even block the solution

1 7
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process when contradictions are formed between the model and

the solution algorithm, i.O., that the tOdelS attaChed to

arithmetical operations are basically behavioral in nature

and that a person associates with a certain operation when

trying to discover the intuitive model.

The Fischbein team (1985) hypothesized that the i:lactive

prototype of an arithmetical operation may remain rigidly

attached to the concept long after the concept has acquired a

formal status. The team further hypothesized that the primitive

model associated with multiplication is repeated addition and

that the response for a problem situation which seemed to call

for division would be partitive and quotative division;

The population included 628 pupils from 13 different

schools in grades 5, 7, and 9. The pupils were attending

SehoOl in PiSa0 Italy. The students were given a 42 item test

containing 12 Multiplication problems, 14 diViSien problems

and 16 items were problems in addition or Subtradtieh.

The results indicated that the initial didactical MOdelS

of repeated addition for multiplication and partitive and

quotative for division were so deeply rooted in the learner's

mind that they continued to exert an unconscious control over

problem solving behavior after the learner had acquired formal

mathematical notions that were solid and correct;

According to the Fischbein team a fundamental didactical

dilemma is faced by teachers. If they continue to teach the

models of multiplication and division as described, strong

resistant and incomplete models will be created which conflict

18
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with the formal concepts of Multiplidation and division. If

teachers avoid the behaviorally and intuitively meaningful

models they will violate the MOSt eleMentary principles of

Psychology and didactics. TeadhetS -sbém to know the problem

but in line. with Piagetian theOry, they have assumed that

learners would become less dependent on intuitive justificationS

and limitations and become more open tc formal thinking

in mathematics as they grew into their formal operations stage.

Comments, Ctitidism, Questions and Concerns

Could Fisdhbein have given examples of the desired formal

mathematics behavior? In further research could he explore

possibilities for encouraging the development of formal
.

mathematibs behavior? Cbtld patt of the problem be that we might

often teach elementary mathematidS With-out helping children

develop an understanding of our nUMber SyStem? Do excessive

eXetdises of drill and practice C-at180 tathethaticaI mind sets?

Could some of the drill and practice be replaced by enrichment

activities which enhance children's underStanding of our

numerical system, especially for some students?

DIAGNOSING STRENGTHS AND WEAKNESSES OF

SIXTH-GRADE STUDENTS IN SOLVING WORD PROBLEMS

Hunter Ballew, JameS W. Hunter ("983)

1 9
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BallbN4 and Cunningham (1983) developed a diagnostic system

for determining difficulties in solving word problems. Their
;-

system was used to classify 217 sixth grade students according

to their strengths and weaknesses in solving word problems.

The students were tested to measure their skills in computation,

interpretation, reading and integrating these skill8 into finding

a solution for a word problem;

The results indicated that each of the above four areas

représentated an immediate need for a sizable number of the

SiXth graders tested and that an inability to read problems Wa8

a major obstacle for sixth graders. The data indicated that

weaknesses and strengths in the major areas of skills in solving

word prob3ems could be diagnosed through the use of a

comparatively simple procedure.

CommentS, CritidiSm, Questions and Concerns

The researchers admit a folly of trying to identify the

problem that Students in general have with solving word problems,

i.e./ any four of the areas of-difficulty could be the

problem depending on the student. The researchers suggested

that further research wal, needed to develop and evaluate the

effectiveness of treatment procedures for each of the four

areaS.

A suggestion to be directed to the authors might be to

include the measurement of psychological as well as mathematical
-;

readiness skillS.

20
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THE EFFECT OF INSTRUCTION ON CHILDREN'S SOLUTIONS

OF ADDITION AND SUBTRACTION WORD PROBLEMS

T.P. Carpenter, J. Hiebert, J.M. Moser (1981)

The purp086 Of thiS study was to investigate the effedt of

initial instruction on the processes children use to solve

addition and subtraction word prOblets; In an earlier study

(Carpenter and Others, 1981) it WaS found that prior to formal

inStruction children were extremely SUCCeSSful when solving simpler

addition and subtraction word prOblet.

The children in the study were individually interviewed

in February of their first grade year priOt tO receiving any

schOol inStruction on addition and subtractiOn. The children

completed ten verbal problems in addition and -Subtradtion

during the intervieW. After two months of instruction in

addition and subtraCtion the children were given six Of the Same

problems; More problemb Were given several days later.

The researchers found that prior to instruction the general

strategy that most of the Children uSed to solve addition

and subtraction problems wa8 to tOdel directly the action Or

relationships described in the problet. The children had a

hUtber of different strategies fOr SolVing subtraction problemS

that represented distinct interpretation8 of subtraction. The

researcher8 found that most children at thiS age did not recognize

that the different strategies could be used interchangeably

21
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:n arrive at the same result. They seemed to regard them as

distinct strategies that were used to solve different kinds

of problems;

After the initial inStrUctiont there was a distinct shift

in the general approach children uSed tO Solve subtraction

problems. Instead of using a variety of strategies to solve

different problemsi most of the children began to use a single

strategy; It was not clear whether the Children understood

that Several strategies were possible or Whether their shift

tO a Singl-e strategy and a single unified interpretatiOn of

subtraction was caused by instruction; The results indidated

that after several mOntht Of instruction children began to

shift from a concrete direct modeling approacn in solving word

problems to a more unified conception which incorporated

symbolic representation of addition and subtraction problems.

Commentsi Critlaism;--Questions and Conderns

The number of children inVolVed in the study was not given

in the methods section of the study. The exact number of days

later should have been given instead of Metely "several"; Is

it fair for thc authors to expect first graders to have a

completely developed concept of subtraction? What about Piaget?

HOW mtioh do instruction and instructions contribute toward

molding children into convergent thinking patterns and the

use of single strategies fbr SOlving a variety of problems?

Is convergent thinking a deSirable outcome in the teaching

of mathematics?

22
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CONCEPTUAL UNDERSTANDING IN SOLVING

TWO-STEP WORD PROBLEMS WITH A RATIO

Ana H. Quintero (1983)

The diffidulties children have when solving multiStep

problems can be CauSed by difficulties in understanding the

concepts and relatiOnShipS -or to difficulties in planning and

organizing the method Of tOlution This study sought to probe

the role of each of these fadtorS in children's performance

when sOlving two-step prob1em8 of a given structure;

Twelve childrer were 80lOCted from each of three grades

5, 6, and 7 in Puerto Rico. The réSeardher worked with one

child at a time. Each session waS one=half hour in duration

and was audiotaped. Each child waS aSked to Solve six word

problems which were presented on cards one at a time. If the

methbd the child was using to solve a problebi was not clear

to the re-Searcher, the child was asked to explain the solution.

After each ptOblein was solved the researcher read the prOblem

aloud and asked the dhild to repeat the problem frOm Memory.

According to the researcher repetition, if not done by rote,

is a way to restate the problin as the child understands it.

This kind of repetition can help the researcher identify

dhildren's representations of problem-S. After the problems

were solved, the child was asked to ch00Se frOm a set of

drawings those representations of the situations described in the

3
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two-step and the one-Step prOblems. Some drawings correctly

represented the problem situationt others did not. A solution

was considered correct if it wat Set up Correctly even though

there might be computational orrorS. A teledtion of one or

mOre drawings was considered correct if it inclUded only the

correct representations; A repetition of a prOblem Was

cOnsidered correct if it contained all the information needed

to Solve Lhe problem.

The majority of the children had difficulty with the two"

step problems. Twehty"SeVen of the children had difficulty ih

understanding the conceptS and relationships involved. Eighteen

of these children did not thderttahd the ratio given in the

probl The meaning of concept8 And relationships in the two

story word problem was a major source of difficulty in solving

the problem.

Commehtt, Criticism, Questions._ and-Concernt

The 8tildy Seemed generally well structured. The researchert

admitted, hOwever, that the specific methodological difficultiet

the children were having.were not clear. This May have

been because of the difficult cOnCepts involved. The authors

suggested that such difficulties might be More effectively

ttUdied by having very simple conceptt. Conceptual difficulties

would then be minimized and the attehtibn Wbuld focus

on dohtratting two-step and one-stop prOblemS.

A question directed to the reader might bei Why were

these children having di..'ficulties with simple ratios? Was

24
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it a readiness problem or a developmental problem?

THE DEVELOPM7NT OF SEMANTIC CATEGORIES

FOR ADDITION AND SUBTRACTION

P. Nesher, J.G. Greeno, M.S. Riley (1982)

The researchers sugqeSted a hypothesis of developmental

levels thiM:could account for children's performances in solving

given problems at a variety of ages. They postulated

representational processes in children't understanding of problems

corresponding to the derivations in their semantic analysis.

ThiS Would explain the relative diffiCUlty Of different kinds of

WOrd problems. The researchers reviewed and presented empirical

data for different categories of additiOn and Subtraction word

problems and proposed developmental levels Of Word problem

solving ability that related to growth in empirical, mathematical

and logical knowledge structures.

The results indicated consistent patterns of perfOrmance

on 'change', 'combine' and 'compare' word problPms involving

addition and subtraction. The researchers triod to suggest a

hypothesis that explained which kinds of problems could be

solved without the use of arithmetic, and for which problems the

knowledge of arithmetic was necessary. The researchers treated

25
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the groWth of the child's knowledge structure in a way that

identified the empirical, logical and mathematical component-S.

The researchers believed that their hypothesis and predictiVe

power, could be examined empirically. and fit.OMpirical data

found to b univeiSal.

Comments, Critici8m Questions and ConcernS

The imp1ication8 of the researchers' analysis indicated

that teachers could be more sensitive to the sequence of

instruction whn they understood the prerequisite knowledge

structures for solving certain problems. Different strategies

could be adapted when teaching at different levels; The

researchers' analysis increased our understanding of the

difficulties that children encounter at each level of performance.

This study not only mea ured children's performance on

'change', 'Combine' and 'compare' word problems but related

psychological (aevelopmental) factors to the performance. How

often do teachers respect both performance and developmental

factors when teaching mathematics?

The research was conducted in several countries. This

paper did not seem to name the countries nor did it present

the results according to each country. The total number of

children involved was not given nor the number of children in

each country.
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THE EFFECT OF SYNTAX ON LOW ACHIEVING STUDENTS'

ABILITIES TO SOLVE MATHEMATICAL WORD PROBLEMS

Larry J. Wheeler, Gaye McNutt (1983%

The purpose of this study was to detertine the influence

Of Syntax on the difficulty of word prob1em8 With 30 eighth

grade StudentS who were enrolled in remedial ma hematitS

classes. -TheSe students were performing at two or more -grade

levels beloW their grade placement, but each had a minimal

fourth grade achievement level in reading and computational

mathematics. Three tests containing increasingly more diffidult

sentence structures were administered. These tests were

written at a fourth grade level or below in reading vocabulary

and mathematical computationS.

The results indicated a differehde between the test which

dontained the most difficult syntax and the two other tests

even When the problems were at the students' cOtputational and

reading vocabulary levels. This finding implied that achievement

tests in matheMaticS'which included word problems could

have been testing students' Syntactic abilities as well as

mathematical abilities. The researchers suggested that instead

of rejecting books and Materials with compound/complex syntaX

in favor of materials whidh are less difficult to read, that

teachers should help studentS to develop the ability to break

down complex-compound sentenceS. Thit would be practical and

2 7
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beneficial to the Studentt.

Comments-,Criticism, Questions and ConcernS

The purpose and method of this study seemed sound

except for the small number of students involved and what

seemed to be a lack of a group for comparison and a control

group. Two questions arising after reading this study are:

Should mathematics teachers'aIso be teaching some language

arts and reading? Should reading and language arts teachers

also be teaching some mathematics?

EFFECTS OF COOPERATIVE, COMPETITIVE,

AND INDIVIDUALISTIC CONDITIONS ON

CHILDREN'S PROBLEM SOLVING PERFORMANCE

David W. Johnson, Linda Skon, Roger Johnson (1980)

The three purposes of this study were to: (1) compare the

relative effects of .cooperation, competition, and individualisti(

conditions on problem solving performance; (2) examine

three possible influences on the problem-solving success of

cooperative groups, i.e., quality of the strategy used, the

benefits received by medium and low ability students interacting

28



22

with high ability group members and (3) the increased incentive

to succeed resulting from peer support and encouragement for

achievement. This study is another building block on the
:

results of twelve previous studies (Johnson and JOhnson, 1978).

Forty-five students in two first grade classes from a

large mid-western suburb served as the poptlation for thiS

study. Two sets of independent variableS were inCluded in thiS

study: (1) cooperative, competitive and individualiStic learning

sitUatiOnS and (2) three different learning tasks, i.e., a

categorization and retrieval problem, a spatial-reasoning

problem:called the Rasmussen Triangle (Napier and Gershenfield,

1973) and a verbal problem solving task consisting of 10 story

ProblemS giveri or read to the students. The students participated

in six instructional sessions of sixty minutes each given

on different days, i.e.,

day 1, the studentS studied the story problems;

day 2, the students were tested on the story problems;

day 3, the students studied the Rasmussen diagram;

day 4, the students

identify the

were tested on their abilitieS to

triangles in the diagram;

day 5, students arranged the wordS and tried to

identify Lhem;

day 6, the students were tested on their free recall,

spontaneous retrieval, and awareness of the

categories structure and search strategy;

The three teachers involved in this study were trained or

experienced in demonstrating the prodedures for teaching

29
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cooperatively, competitively, and individtaliStidally. The

three teachers followed written directions for explaining

the tasks;

Students in the cooperative condition outperformed students

in the competitive condition on all four task measures. The

most profound difference among conditions:was on the categorizatic

and retrieval task where four of the five cooperative groups

discovered and used all four categories while no one in the

competitive and individualistic conditions did Sb. Cooperative

interaction seemed to promOte perceptions of more support and

encouragement fOr achievement than did coMpetitiVe and indiVidualis

conditions. The researchers concluded that when high problem

solving performance based on the use of effective strategies and

peer support and encouragement was desired, the instructional

situation should be structured cooperatively rather then

competitively or individualistically.

Comments, Criticism, Questions and Concerns

The results of this study have a direct practical application

in classroom teaching. Life is a group effort and an individual

effort a8 Well. ThiS includOS the artS and sciences of

teaching and learning.

The researchers' discussion on the results seemed to appear

conflicting or confusing in the firSt and next to last paragraphs,

i.e., the discussion on task measures and a comparison of the

two conditions compared to the previouS ditcuSSion.
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There it a shortage of studies that include cooperative,

competitive, and individualistic conditions in the tame ttudy.

When i8 pOer group cooperation not desirable?

QUESTION PLArEMENT IN MATHEMATICAL WORD PROBLEMS

Judith ThreLdgill-Sowder (1983)

The differing effects of pre- and pott-quettionS in word

problems wat the major concern in this study. The hypothesis

included the ttateMent that prequestions should help ttudents

recognize other content and data as being incidental to the

solution proce88.

The population included 52 students enrolled in two

community college intermediate algebra classes; A set of 14

problems was designed fOr the Criterion measure. The problem8

were varied to include 4 With extraneous data, 2 one-step problemt

and two step (or more) problems. The problems were written in

two formats to accommodate the purpose of this study. In one

forMat the questions were given at the beginning of the word

prOblem. In the other format they were giVeh at the enth Two

analyte8 of covariance were performed. The NedeSSary Arithmetic

Operations TeSt Score was used as the covariate meature.
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No significant treatment effects were fotnd for either

extraneous data problem solving score or for non-extraneous

data problem solving score. The results of the study indicated

that question placement had no apparent effect on the ability

of students to solve word problems. This waS true regardless

of the length and complexity of problems or the age of students.

ComrnentsCriticisrn Questions and Concerns

The researcher's conclusion included students of all ages

even though her study was done with college students. She

mentioned siMilar studies completed by Williams and McCreight

and Arthur and Clinton with elementary school Children. QueStion

placement effects were found to be nr)n-significant in both

studies and the problems Which were used were found to be too

brief to affedt research behaVior. Question to the researcher

Or fUture researchers: What are the effects of question

placement on elementary school concrete operational learners?

What are the specific elements of a word problem which can be

tailored to increase its potential arousel and motivational

potential?

COGNITIVE VARIABLES AND PERFORMANCE

ON MATHEMATICAL STORY PROBLEMS

Judith Threadgill-Sowder, Larry Sowder
John C. Moyer, Margaret B. Moyer (1985)
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The researCherS cite evidence that good and poor probleM

solvers approach such actiVitieb in different ways. The purpote

of this study was to explOre the relationships of certain

cognitive variablos tO problem solving performance; The three

dognitiVe variables involved in thi8 Study were spatial ability,

cOgnitiVe restructuring and reading cOmprehensiOn. These

individual difference variables were eXamined in terms of how

each i8 a8bOdiated with different problem pretentation modes.

The poptlatiOn sample consisted of children from eight

classrooms in eadh of the grades three through Seven Iodated

in eleven SCh0018 in differing socioeconomic areas Of three

mid-continent citit8. A series of carefully selected cognitive

tests were administered to the children in two sessions of up

to one hour in each classroom. The tests were arranged in

three formats giving each Student three problem test scores,

one for each format.

The findings indicated that story problems which were

cognitively restructured so that drawings served to organize the

data in the problem were most helpful to students scoring low

on cognitive ability tests and yet were not detrimental to the

students with high scores. The researchers hoped that this

information might prove useful to teachers and textbook writers

as well as to researchers.

Comments, CrIticismQuestions and Concerns

The cognitive restructuring of text into drawings might serve

as a bridge for learners who are in transition from concrete
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operational thought to formal operational thought. This

transitional tool mightbe most valuable for slow, aVerage, or

unimpeded learners. FOur questions directed to research and

teaching colleagues might be: (1) Are we moving into an ra

when conditions-and tOolS for coMmunicating demand that formal

thought it8Olf be redefined or cognitively restructured? (2)

ShOuld formal thought be redefined to include the cognitive

re8tructuring of abstract concepts for slow and average

learners, i.e., in practice, do our teaching methods and

materials assume that learners become formai thinkers

simultaneously? (4) Should formai thought be redefined or

cognitively restructured for unimpeded and gifted learners to

include advanced formal abstractions? An example might be a

computer language such as logo which is considered to be an

advanced form of abstract thinking for some children. Indeed,

logo programming is thought by some researchers (Papert, 1980)

to be capablie of altering the thinking process itself when

problem sOlving is involved.

The variables ih this study were related to several

previous studies completed by other researchers. This study

could be recommended as an excellent example of research in

education. The only obviou8 di8appointment was the omission

Of the total number of children involved in the study in the

sample and procedure section of the method.

.74
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EFFECTS OF TEACHING SIXTH GRADE STUDENTS TO

MODIFY FORMAT VARIABLES OF MATHEMATICS WORD PROBLEMS

S. Alan Cohen, Georgia Stover (1981)

The researchers presented a trilogy of eXperiMents which

were concerned WLth the structural format variableS of

mathematic's word probleMS Which appear to hinder siXth grade

students' abilities to read and solve these problems. Two of the

experiments attempted to identify three format variables which

interfere with student ability to Understand math word problema.

The third experiment instructed average sixth-grade students to

MOdify these format variables as a way to increase understanding

and the Success rate fo solving word problems. Previous

studie8 Were descriptive in that they implied the need to control

the preSence or absence of interfering variablea. Previous
._

experimentS did not attempt to teach student8 the strategies

necessary for overcoming the format variables which interfered

with comprehension.

Children with a variety of abilities, grade levela and

loCations served as the population ,ample for these three

exPeriments.

It was found that the offeCtS of instruction weYe greater

than the effects of aptitude. The researchers found it easy

to teach sixth grade students to insert diagrams, to reorder

r-J
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number sequences appropriately, and to remoVe eXtraneouS

information, thus improving their success rato in solving word

problems. How long lasting are these results? The ansWer to

this question could depend on the willingness of reading and

mathematics teachers to adjust their curricula to include the

three operations for modifying word problems and making them

easier tb understand. These strategies need to be included

acrott the years.

Comments, Criticism, Questions, and Concerns

The researchers admit that these experiments incorporate

a behavioristic definition Of "underbtanding" operationally

defined as "producing the correct sOlutiOn tO the word problem."

To the behavioralisti controlling the comprehenSion of mathematics

by manipulating antecedent conditions is both the 088ence Of

inattudtion and the "sufficient stuff" from which is developed

a Science of human behavior, according to tho researcher8.

The reader s questions to the researchers might include: (1)

Shall the lea-rner's apply the operations out of shear habit?

What happens when the habits are broken or the learners forget

or aro Conditioned Ott of them? Are the researchers accepting

a correct conditioned response for an internalized concept

(OOnOePtUalization)? FOt hoW Many daya Weeks, yeats Will the

student retain the "behaviorali8tioally° learned operations?

Should teachers and publishers remove and edit=out any

structural format faults which interfere with Student success

in Solving word problems?



STRUCTURAL DIFFERENCES BETWEEN TWO-STEP WORD PROBLEMS

Valerie L. Shalin, Nancy V. Bee (1985)

This experiment tested the hypothesis that problem

Strudture, or the overall pattern in whch quantities are

organized, is a Eignificantsfactor in determining success in

30

prObleM tolviiiq arid the problem solving process itself, i:e.,

equivalence classes of problems may be defined on the basis

of probleM StrUCture.

The population for this study inclUded 82 third, fourth

aild fifth grade students; The grade assignment waS determined

by the teXtbook which each subject was using at the time of

teSting. The tektbOok levels ranged from grades three to

seven.

The 82 subjects were presented with 34 word problems which

were generated from 11 prOblem structures obtained by crossing

triads of the operator typo with problem structure. Most of

the word problems could have been solved by using one of two

competing conceptualizations. Word Order was used to favor a

simpler or preferred structure. Number Set was crossed with

problem structure to unconfound structural pattern with number

fadts. The subjects were grouped by textbook level and were

tested in the classroom during a 40 minute session. The subjeots

were asked to do as Many problems as possible, show their

S7
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WOrk and to skip those problems which they were not able to d .

The problems were scored likeWise.

According to the reSearchersithe results of the experiment

demonstrated the psychological validity of the structural analysis

for two-step word problems, i.e., for all grade levels the

problem structure, the overall pattern of relationS between the

quantities in the problem had an effect on problem SolVing

success. In essence, evidence was provided that different

problem structures seem to define equivalent classes of

problemS and affect probleM solving difficulty.

Comments, Criticism,_Questions_and_Concerns

This study contained a substantial number of subjects

compared to other studies. The researchers admitted that their

results were not sufficient for clarifying the role of problem

structure in the problem solving process but that there was

good reason to support the belief that the problem Structure

effect is related to knowledge. According tO the researchers,

further analysis might lerid support to the idea that each

problem structure is an individual schema that guides operator

selection and success in solving problems, The following are

qUeStiOns for the researchers and readers; If effective

structuring of word problems to increase student success can

indeed be achieved, should methods of effective structuring

be standardized and taught to teachers and publishers? Are

quantities in word probleme alwayS preSented in numerical

form?
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FIELD-DEPENDENCE-INDEPENDENCE AND

MATHEMATICS PROBLEM=SOLVING*

Sheila Vaidya and Others (1981)

The reSearchers, with a sample of 28 fourth grade Subjects

(14 boys and 14 girlS), explored the implications of aSking

adjunct questions tO the Subjects at the end of a word problem.

The results indicated that the fieId-independent subjectS

solved more word problems cOrrectly than did the field-dependent

sUbjects. When the word problems were presented with adjunct

qUeStions there was some benefit to the field-independent

SubjeCts but a greater gain among the field-,dependent subjects.

CommentS, Criticism, Questions_and-Concerns

The reSearChers' work is related to many reSpeCtable previous

studies completed by other researchers. 'The researchers

suggested that the ekplOrations of the strategies employed by

field-dependent and field=independent children in solving

Mathematics word problems might prbve valuable; QUestions: (1)

Is there a correlation between left or tight brain hemisphere

dOMinande and field-dependence or independence? Some studies

indicate that successful mathematics students might be left-

A field-dependent person is known to be more competent
than a field-independent pOrSon in situations that call for asocial orientation.

A field-independent per8On iS more successfpl in situationS
which require a high analytical ability, i.e., mathematics.
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brain dominant. If so; are left brain dominant students field-

dependent or field-independent? Should the development of a

field-independent cognitive learning style be encouraged in

learners? If so, how?

CHILDREN'S DIFFICULTIES WITH TWO-STEP WORD PROBLEMS

Ana Helva Quintero (1984)

This study included two experiments in which children's

difficulties with two-step mathematical word problems were

analyzed. Seventy-one fifth grade children were individually

observed solving two-step word problems and one-step problems

with the same mathematical structures as the components of

the two-step problems in experiment I. The session required

each child to solve five word problems in 10 to 20 minutes;

Most of the children (48 out of 71) had difficulty with

at least one of the two-step problems .

successful with the one-step problems;

difficulties

Children

problems

Experiment II probed the hypothesis that if children were

told beforehand that the problems given to them are solved using

seemed to be conceptual as

The children were more

The children's

well as.strategic;

tended to uSe the same strategies to solve two-step

as they 'used to solve one-step problems.
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tWo operations their performance wOuld iMprOve.

The population for experiment II had already participated

in eXperiment I and was among the twenty-tWO Children who had

Worked at least one two-step word problem incortedtly but worked

its Comp-Orient Correctly. The children's ages were between 9

and 11 years.

After the children completed the problems of experiment I,

they were asked to SolVe two additional two-step problems with

the same mathematical Structure as the two-step problems that

they had just solved. Half of the Children were told that the

extra problems were solved ti8irig tWo operations; The remainder

of the children solved the extra problems as part of the original

task.

A total of nine children (almo8t 41%) improved their

performance on the two extra problemsi.sIx were in group 1 and

three were in group 2 .The children WhO WOrked a two-step

problem correctly in the original task worked the corresponding

eXtra problem correctly; Six out of eleVen Students (nearly

55%) improved their performance in the two-8top prOblems after

having bbbri tOld that the problems required a two-,.8tep SOlution.

Three out of eleven children (27%) improved their perfOrMance

by just working the probleMs again. The results of experiment

II confirmed the hypothesis that children's performance is

affected by previous school experiences. A common error

committed by children was to attempt to solve a two-step

problem with a single strategy.
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Comments* Criticism, Questions and Concerns

This study preceded and seemed to.provide a foundation for

the work of Both Ann Herrmann. Again, as indicated in other

studies,too many of the children approached two-step word problems

With the strategies appropriate for one-step word Problem8.

Indeed, whenever numerical quantities were given in two-step

problems, the responses of a number of children was to add

these quantities rather than to even consider subtraction or

multiplication; Is this an example of children incorrectly

applying a strategy which was once their correct conditioned

response for solving other problems, i.e., are we as teachers

cbtredt in seeking correct conditioned responses as strategies

for solving word problemS? Were the children in these studies

taught strategies for solving two-step problems befOre the

tasks were administered? The population for experiment II

seemed rather small. Quintero's efforts are respectable and

have been complimented by other researchers.

INVENTED PROCESSES IN SOLUTION TO ARITHMETICAL PROBLEMS

James M. Moser, Thomas P. Carpenter (1982)

This study was concerned with the problem solving behaviors

of primary age children on one-step word problems requiring
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the lite of addition and subtraction; The use of inVehtion is

defined at When children figure things out for thettelvet

instead of applying formally taught facts and skills.

Thit Study examined the inventive problem solving behaVior

f 100 firtt grade Children during a three year longitudinal

study. The three categories of inventive problem solving

behavior included solutions which involved (1) place Value; (2)

algorithmic behaviOr and (3) the use of distraction of the

child's attention away ftom the required algorithmi i.e. , the

child was caused to resist the ute of the appropriate algorithm

for solution;

The children were given four interViewt during the three

year period and were asked to complete six carefUlly telected

WOrd problems during each interview; The problems Were Worded

in 8tch a Way as to prevent the subjects from itmediatelY

recogniting the prOblem type. Three units of mathematict

instruCtion were taught to subjects in-between the'interViews;

The researchers fothd that children used a variety of

counting strategies to tolVe one-digit problems. The correct

use of algorithms increased with inttruction. A knowledge of

place value seemed to appear to be necessary for the invention

of algorithms in the sense that invention is a rearrangement

Of elements into similar structures. InttruCtiOn had a bearing

On any Changes in this invented behavior. Indeedi ihttruction

had a Major effect on the range and application of learned

strategies. The findingt also suggested that any characteritation

of childten't formal or invented mathetatics concepts
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and procedures should contider the role of instruction.

Commentsi__Criticism4Questiont and Concerns

The researchers' discusSioh Of the inventive problem

solving behavior involving the use of place value seemed

limited in the findings and ditcussion of the study.

HOW much did the use of distracting Semantic structuresi

designed to "camouflage" the needed subtraction algorithms as

addition, dontribUte toward instilling miScondeptions,

frustration CotiftSibn and math anxiety in theSe very young childr

Why-doesn't More Of the research concerning Wbrding

focus on older children in gl:ades five through nine?

How might instruction indrease children's effectiven088

in Solving problems without inhibiting the development of their

divergent (inventive) mental proOesses?

How important is it that firSt graders do wore problems?

secOnd graders?

PROBLEM SOLVING STYLES AMONG CHILDREN WORKING

IN SMALL GROUPS ON MATHEMATICAL WORD PROBLEMS

Kathleen Gilbert, Steven Leitz (1982)

The most prevalent difficulty encountered when studying
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Problem solving processes of young dhildren is that we can see

the input and output, but we cannot tee the actual processing,

i.e.t the mental operations that the children use to achieve

a sOlttiOn. Children working in small grOUps express a variety

of problem tolVing styles and strategie8 Which are sometimes

concealed during ordinary classroom activity. The purpose of

this study waS tO focus on four children,each of them working

in a different group bf four eleven and twelve year bld fifth

and sixth gradert. Their problem solving discu8SionS were

recorded during fotir tWenty-five minute meetings. These groups

met weekly away froth their regular classes; The purpose of the

researchers was to generate hypotheses rather than to verify
theory

Among the generated hypOtheFes was the statement that work

in Stall groups helps children to be more effective in mathematic8

problem tolingi

AMOtig the findings were two aspedtti (1)In over 90% of

the prOblets completed by small groupt, a solution was

available Within three acts of the reading Of the problem; and (2)

In all of the qtbups examined there was always one student who

was credited With lets than 10% of the total actt. In every

group one student gave over half the answers to the problems

While another member gave fewer than two answers.

Comments, Criticismi_Questions and Concerns

If indeed, participation in small groups helps children

become more effective problem solvers, is it because of the

4 5
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small grOUp dynamidS at work? the peer group instruction? or

a combination of bOth?

Do only students who are active participants in the group

experience gait-13? Can gains in Problem solving skills be made

by "silent" participatioh in the group? How much does the

emerging group ol,ecking Ordei" determinedne's success in the

group? What are the factor8 Whidh determine the 1Decking order'

within the group, i.e., statuS and Sociability, math and verbal

ability, sex?

DRAWN VERSUS VERBAL FORMATS FOR

MATHEMATICAL STORY PROBLEMS

Judith Threadgill-Sowder, Larry Sowder (1982)

The major question for this study was: "Might problems

presented through drawings result in better student performance

than would problems presented only in verbal form?"

The population consisted of 262 students in ten fifth

grade classes in Calgary, Alberta, Canada. Four sets of 32

problems in verbal and drawn formats were developed. Five

classes were given the verbal treatment and five the drawn

format. A 16 problem post-test was given.

The data supported the hypothesis that students are
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generally helped by draWings used as a vehicle for preSenting

problems; Presenting "Word Problems" by way of drawings Wat

clearly more effective than the standard words-only presentation

for the students tested.

Comments4_Criticlsm,-QuestiOnt and Concerns

The researchers regarded the results of this study

important from instructional and retearch viewpoints. The

drawn format was preferred by studentt and served as a

reasonably close simulation of many real life problems;

especially those in the marketplace.

The data did not support some of the reSearchers' other

questions, i.O., How are field independence, spatial

visualization and general reasoning ability related to student

performance on solVing prOblems in the verbal and draWn formats?

Are there any aptitUde=treatment interactions? The anSwert to

these questions seem worthy of further pursuit;

The study of the effectiVeness of drawings to communicate

the content of mathematicS Word problems and increase performance

in find_ .g solutions is valuable. It it possible to substitute

Still photographs for drawings? What about three dimensional

'stint' With Children taking turns modeling and developing

the 'sets'? What about dramatizing each WOrd problem with

children writing the Sdripts, making the ;:ostumeS and 'Sets'?

This would combine mathematics with language arts, reading,

design, measurement.and craftS.

4 7
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THE USE OF SMALL GROUP PROTOCOLS IN ANALYSIS OF

CHILDREN'S ARITHMETICAL PROBLEM SOLVING

Nel Noddings (1982)

This was a clinical study. The major purpose was to

observe the discourse of 5th and 6th graders solving word

problems in small groups without teacher intervention.

The study included 24 students (boys and girls) performing

at below grade level in mathematics and reading. Each of

the six groups of children completed eight word problems in

each of four sessions. The problems were carefully selected

so that their computational and reading requirements were some=

what behind the children's meaSured achievement scores. The

children were asked to talk outloud during their group task

involvement, i.e., reflexive talk was encouraged.

The clinical process revealed specific conceptual

difficulties which the children were having. Pcdording to the

researcher, the small group working without teacher intervention

seemed to be a powerful learning tool. Each group completed

its fourth and final session with perfect scoles. The researcher

observed genuine child engagement and pleasure in the small groups.

The obvious weakness observed and reported by other researchers

was the case of the Socially withdrawn child who spoke only

when addressed.

4 8
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Comments, Criticism, Questions_and_Concerns

MoSt of the comments concerning the work of Kathleen GiIbei.t

and Steve Leitz (1982) apply to this study, eq., the poWet

of peer group inStrUdtion. It was interesting to note the

problem that Stymied the children:

Jame-a ate one-third of a pizza. How

much did he have left?

The study suggested that difficulties with fractions aro

widespread. The concepts related tc5 fractions seem to especially

neceaitate the app1itation8 of Piagetián

the teacher. The language of fractiOn8 iS eSpecially abstract

to children who are mostly limited to their confines of concrete

operational thinking processes.

DO small group methods result in improving individual

probleM SolVing achievement? The researchers hOped to address

thiS gueStion at the next stage of their reSearch.

A COMPARISON OF CONCURRENT AND SEQUENTIAL

i.dbiz TYPES OP .v8Piti MAtii t4(bLEM

_Eric D. Jones,_James P. Krouse,
Donna Feorene, Carol A. Saferstein (1985)

The purpose of 'this study was to compare the relative

4 9
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effectiVénéSt Of two structural variationt of a direct

instruction procedure. This direct inStrudtion procedure was

for teaching dhildren a strategy for r000gniting the difference

between addition and subtraction story prOblems.

The population of 29 children was seledted from 142

pretested third grade students on the basis- of haVing failed

to select the Correct operation for at least 25% of the items.

The selected children were then randomly assigned to either

sequential training or doncurrent training.

The same training probleMS were used in both the

Sequential and concurrent conditions. The students were

actiVely engaged in instruction for nine periods of fifteen

minutes eadh.

The teSultS of this study indicated that the third grade

children trained to solve four basic typos of Verbal math

problems in a SeqUence achieved higher post-,tett Adores than

those student8 whb Were trained to solve an unSeqtenced

arrangement of the Sathe problems. The sequentially trained

students initially had Significantly lower preteSt tdores and

significantly higher pott=test scores than did studentS in the

concurrent training conditions.

Comments, Criticism, Questions and Concerns

The sequencing of any program lends itself to repeated

responses to.similar relevant attributes and would increase

the probability that students recognize these basic attributes
and respond appropriately. Is this kind of programming really

5 0
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a conditioning process? If so, for what periods of time shall

the students retain what is learned? WhiCh Specific teaching

methods were used in each group? Were the meahingful applications

c-f computational Operations to manipulation8 of concrete

objedtS and events used (the researchers cite Cawley'S work of

the 1960'S and 1970's)? If not, how much more effectiVe might

have these efforts been toward the positive long terM effects,

i.e., conceptualitation and retention, rather than the limiting

board and seat work Materials used in this study for both

conditions? . The design of this study seemed to lend itSelf More

toward the testing Of tWo types of curriculum materials, rather

tha-n -:66hing strategies, i.e., the tWO ta±ñ±n Conditions

seemed to be defined in terms of curridtlum materials rather

than different teachers' strategieS. why ilot a study comparing

the rote, repetition conditioning method8 With he demonstration

of concepts through the use of concrete objectS and events?

COGN:1:TIVE DEMANDS THAT ARITHMETIC

WORD PROBLEMS IMPOSE ON CHILDREN

Denise K. Muth (1982)

The i-eSearChi-,rs in this study hypothesized that: (1)

computational ability and reading ability each account for
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significant amountS of variande in the accuracy of solutions

and (2) the presence of extraneOuS infortation could strain

the learner-8' limited pro..7:essing capacities and reduce the

accuracy of their problem solutions.

The population for this study was definod as 200 Sixth

grade girls (109). and boys (91) from two SChool8 lo'catd in a

university community. The two individual difference variablet

were students' reading ability and their computational skill8.

There were two format variables: (1) extraneous information

and (2) syntactic structurei The Comprehen3ive Tests of Basic

Skill8 (1976) and a 15-item word problem test were the

experimental materials for this study. Four test versions were

randomly a signed tb the 200 students ±i eight sixth grade

clac'srooins. An equal number of students.received each version.

The data supported the hypothesis that reading ability

played a major role in the solution of word problems and that

extraneous information reduced the accuracy of SttdentS'

answers and increased the length of their test-taking timOS.

Comments, Criticism, Questions and Co_ncerns

This stUdy can be considered an effective example of

educational research. The researchers questioned the findings

and conclusions of previous researChers and produced data which

supported opposing views. The statiti-cal treatment of the

data seemed competent. However, is it possible that the subjects

participating in this stiady were skewed somewhat in their

Skill8 and performance? They wcy:e located in a university
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ComMunity which indicated the poSSibility of a large number

of middle class learners.

The researchers encouraged teachers and teXtbook writers

to design activities which help learners to integrate their

basic reading and mathematics skills and to effectively 8ipply

them.

Should the teaching of reading be combined with computational

skills as a method for developing and assessing comprehension

while simultaneously teaching and reinforcing problem solving

skills?

INSTRUCTIONAL APPROACHES AND LEVELS OF PRACTICE

IN WORKING FOURTH GRADE WORD PROBLEMS

Craig Darch and Others (1983)

The purpose of this study was to intensively look at the

aspects of mathematics instruction, development and practice,

i.e., to contrast the direct instruction approach to the

development phase of teaching with a traditional approach. The

traditional approach was taken from the teachers' manuals of

four widely used state-adopted textbooks. The solution of word

problems was selected as the major topic because it was a common

target area for students in the intermediate grades and an area
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for Which many philosophies have been developed. Specifically,

the topic was the teaching of multiplication and division

story problems to skin deficient fourth graders; The second

purpose (and variable) for this study was the provision of

extended practice for low performing students.

Seventy-three students were chosen as subjects because they

failed the mathematic8 Story probleM§ sCreening test given to

the 220 fourth graderS in 8iX regular classrooMS. EaCh

classroom teacher then verified that these studentS were haVing

difficulties with word problems. These students then had to

demonstrate computational abilities in addition; subtraction,

multiplication and division in order to participate in the

study. The subjects were almost exclusively from middle income

families and were taught with one of the four state adopted

basal mathematicS programs.

The 73 students were assigned to one of four experimental

groupS: (1) direct inStruCtion with a fixed amount of practice;

(2) traditional inStruCtion With fiXed amounts of practice;

direct instruction with extended practice; (4) traditional

nstruction with extended practice. The Student§ were usually

taught in small groups in their regular Classroom.

The experimental teachers received training for each of the

experimental conditions. Three tests of problem solving and

one consumer questionnaire were developed for this study. The

problem §olVinq teat§ incltded a 40-item screening test; a 26-

item pogt-tot and a 26,,itOM maintenance teat. Five lessons

were audiotaped for each eXperimental teacher.

(3)
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The direct instruction approach reSulted in higher pesttest

8-cote. The data supported the position that a prOgram designed

to teach (1) prerequisite skills in a sequential manner and (2)

explicitly teaOh problem solving skills was superior to a

traditional approach With these subjects. It was apparent that

a mere increase of in8trudtional time without altering

instructional procedures and dtrriculum was not sufficient to

produce changes in the performance of these lower performing

Students, i.e., time on task alone did hot lead to increased

performance; How the students used time and what was thought

while studying was important.

CommentS, Criticism, Questions_and_Concerns

The findings in this study were similar to those in other

studies Whidh SUpported the use of direct sequenced instruction

for teaching the prerequisite skills and problem solving

strategies. This retulted in higher performance in solving

word problems. Traditional tektbooks, curriculums and teaching

strategies seem to omit theSe kinds of prerequisites for

teaching word problem solving, why?

The subjects in this study were almost all from middle

income families and all of them could already add, subtract,

Multiply and divide; Might the results differ in more mixed

Situations or even in inter-urban or extra=rural situations?

Did hot the very deSign ak .-thig study alitA4 studénEs

additional time in the word problem solving arena and thus

affect their abilities for solving them? Does the very adt

5 5
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of investigation change the character or process of that which

is being investigated (Harrisi 1986)?

What are the specific prerequisites for success in solving

word problems? Why are these specific prerequisites omitted

from so many of the traditional textbooks, curriculums and

teaching methods?

A poSbible paradox: Does the entire education effort

unintentionally 'stack the deck' against word problem solving

then laments the results and pleads for solutions, a victim

of itS own Si2O and complexity whiCh Cannot alWays readily

change itself?

THE EFFECTS OF ADJUSTING READABILITY ON THE

DIFFICULTY OF MATHEMATICS STORY PROBLEMS

Douglas J. Pauli William H. Nibbelink,
Hiram D. Hoover (186)

In the opinions Of the researchers, previous inVestigators

did not accurately isolate readability as the independent

variable and therefore the question of the Offect Of readability

levels on story problem difficulty was left unanSWOred. The

purpose of this study was to more carefully isolate readability

as the independent variable by holding other factors constant;
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The major question was whether the uSe Of popular readability

formulas prOVidee valid information toward deciding if word

problems Were appropriate for a given grade level.

A total of 1,238 Students from seven Iowa Sdhobls in grades

3, 4, 5, 4nd 6 were selected for participation in thiS study.

SiX test forms were randomly assigned to students in eadh grade.

The fifteen computational pr-oblems were especially deSigned to

be representative of the computations required for solVing Word

problemS in widely used textbookS and standardized tests. TO

determine the readability of an item the Harris-Jacobson Formula
2 was applied. Formula 1 was applied fOr eVen greater accuracy.

Data wore analyZed by a mixed fixed-OffedtS four-way analySiS
of varianCe. The fadtors were readability

grade and readability adjustment method.

The finaingg of this study indicated that

problem had a 'readability score' a few grades

level, problem type,

whether a word

above or below

grade level therewas n-o substantive effect rn students' ability
to.solve it. ThtS, the practice of applying readability formulas
as a factor in determining the grade level appropriateness of

story problems was not supported by the results of this study.

Indeed, itconveyed an admOnition to avoid the applidation of
fOrMUlas to uses for which they were neither designed nor
intended.

Comments, Ctitidismsi Questions-and-Concerns

This studyseemed like an example of outstanding educational
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research. The controls and statistical tc,oIs were carefully

chosen and designed intO the study. The size of

the sample (1,238) lend8 credibility to the findings.

The negative comments about parti-_ular applications of

readability formulas made by the researchers in the very

beginning of the study may be interpreted to lend support to

their own eventual findings; The comments might also ho

interpreted as more than a hint of bias or pre-judgment against

particular applications of readability formulas; Perhaps the

contents of the paragraph might have been more appropriately

plaCed in the findings or conclusions; These results,

COnclusions or opinions supported those of Fitzgerald.and

Cullinan (1984).

THE REPRESENTATION OF BASIC ADDITION

AND SUBTRACTION WORD PROBLEMS

Thomas P. Carpenter and Others (1985)

The purpose of this study was to investigate children's

representation of a wide range of problems involving addition
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and subtraCtion with canonical and noncanonical number sentences.

The primary condern of this study was whether or nOt children

would directly represent the structure of a problem if both

canonical and noncanonical nuMber sentences were available for

such a representation. The major Objective was to identify the

number sentences that children in each group used in order

SOlVe a variety of addition and subtraction problems. The

reSeardhers purpose included the examination of the relationship

between theSe nuMber sentences which the Children wrOte and the

semantic Structure of the problems. It seems that the SeMahtic

structure of Word problems plays an important role in children's

strategies for SOlVing problems at this age using modeling and

counting technique-S. Thus, it was hypothesized that the

structure would significantly influence the number sentence

representations of the children ii both groups.

The population for thi8 Study. Was made up of 22 first-grade

-children and 41 second-grade children from a predominantly

Middle class area of Madison; WisConSih. The subjects had only

a limited exposure to solving word problemS prior to this study.

ThiS exposure consisted of simple joining and separating situations.

NO prior I.lstruction had been given on writin0 noncanonicaI

number Sehtehdes or on writing complete open Sentences with

*Note: examples:
canonical (a A-b= , a--13=0)
noncanorical, (a 4 = bi a - Q =

A7- a = b,173 - a = b)

This study.mas not designed to invy48tigate the relative
effectiveneSS of different instructional treatmentS
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a boX to represent the unknown;

The Children were randomly aigned to either a canonical

gr0Up or a noncanonical group. Each group received tWO 30=

Minute periOdt of inStruction on writing and solving number

sentences and on writing number sentences to represent word

problems. FollOwihg instruction the children were tested on

their ability to write number sentences to represent addition

and subtraction word problems. In the first part of the test

the children were instructed to write a number sentence for

the problem and to solve the problem. In the second part of

the test the children were instructed to write onl Y an appropriate

number sentence and not to solve the problet. In this part of

the tett the children's responses were so guided by the detign

of the test to cause them to write open number sentences with

a box to represent the UnknOwn. The test was administered to

children, from canOnidal and noncanonical groups combined, in

their regular classrooms.

In the results of the first grart, in spite of the fact

that children in the noncanonidal group had only been instructed

on representing joining missing addend Problems, over 65% of

them attempted to dire,Aly represent te adtion taking place

in these four problems; No inappropriate non-canonical sentences

Were written and for certain problems no dhildren in the

nOncanOnical group wrote a canonical number Sentende. Children

on this leVel most naturally represented problems directly and

although they had received rio instruction in the direct

representation of problemt, at many as.45% of them attempted
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to write number sentences that represented the action described

in these four problems.

The second graders were generally more successful than the
firSt graders in representing and solving the more complex

problems and in transforming probleths to represent them as

canonidal sentences, eg;i over 75% Of the second graders in
the canonical group wrote correct Canonical number sentences

for five of the six join and separate problems.

The results of the study suggested that most of the first

graders were limited to direct symbolic representations of
word problems but that first graders could learn to write

noncanonical number sentences and use them to directly

represent the action in appropriate problems.

The implications of this research for instruction include:

(1) the limiting of exposure to those types

of problems which correspond co canonical number sentences until

children attain a level at which they can transform problems

(at the risk of developing a rather narrow perspective on the
tyoes of problems) ; (2) instruction which includes noncanonical
as well as canonical number sentences more nearly corresponds
to the learner's natural representations and solutions of word
problems than to immediately represent all problem situations
in canonical form; (3) instructions involving noncanonical
number sentences should not be dismissed because of any presumed

*

Note: This condition is so temporary in the child'sdevelopment that this risk may be worth taking.

1
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past failures; (4) instruction Which includes noncanonical

number sentences seems to be a viable approach for buiiding

on the informal number concepts and skillS whiCh children

possess prior to instruction.

Comments, Criticism, Questions and Concerns

This study was carefully thought about, planned, designed,

and carried through to completion. The results seem to support

some of the contributions of developmental psychology, i.e.,

children pass through several levels in the development of

addition and subtraction concepts and skills. These levels

apply to symbolic as well as physical representations of

problemS, i.e., children in the initial levels are able to

only represent problems symbolically with number sentences

when the sentence corresponds to the action in the problem.

Once again as, in other studies, the use of three

dimensional models to represent the problem to concrete

operational thinkers is omitted as a possible variable.

The total population sample was 63. This might be

considered too small for some readers of the study. The

subJects were middle class and lived in a city containing a

very large university. How might the results differ in an

inter-city or a rural setting?

The results were reported in readily consumable form with

the us'.i of simple percentages. Thank you.

According to previous researchers, i.e., Copeland (1979),

first graders do not possess the psychological tools for solving
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such mathematical sentences as 3 [21= 5. These algebraic

sentences are presented prematurely to young children.

ESTIMATING THE OUTCOME OF A TASK AS A

HEURISTIC STRATEGY IN ARITHMETIC PROBLEM SOLVING:

A TEACHING EXPERIMENT WITH SIXTH-GRADERS (1981)

Erik De Corte, Raf Somers (1981)

In this study the researchers hypothesized that the
difficulties of sixth graders with word problems were mostly

caused by a lack of the thinkina procedures for analyzing and
transforming a problem to a familiar form representing a routine
task. To inprove sixth graders problem-solving ability,

therefore, learners should acquire the attitude and the skills
to analyze and represent the data in the problem. A second

hypothesis stated that the systematic estimation of the outcome
of a word problem before working out the solution would prove
to be an effective heuristic strategy for encouraging the
learner to analyze the problem and to anticipate its solution,
i.e., that passing roughly and in an abbreviated form through
the solution process as is required when estimating an answer,
helps the learner achieve a solution. The estimating process
encourages the learner toward some degree of problem analysis
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causing the problem and its possible solution to become more

transparent. Thus one of the major purposes of the study was

to teach children a strategy for solving word problems in whic

their estimation of the outcome before attempting a solution

became central.

Tests were administered to the experimental and control

classes.

The findings suggested that these sixth graders rarely

applied systematic problem analysis when confronted with a

word problem. It was quite common for them to begin computati

immediately upon reading a problem. The findings revealed an

almost complete lack of a solution verification process by the

learners. They did not even try to check their answer for

accuracy or plausibility. to say the findings suppor

the hypothesis that learners ei;fficulties with word problems

were caused by a lack of tile atr.:tuiic arA skills necessary to

analyzing a problem before atterrr in:: to ,ompute a solution.

The hypothesis that teaching 44stinating as a solution

procedure will increase their c..) solve word problems

was supported by the findings.

In summary the findings seemed to -up2ort ,he belief that

the sources of the numerous complaints about the poor results

of instruction on word problems hould be sought hin those

teaching methods now practiced.

Commen s- Criticisms- Questions-and CondernS

Thit ttudy was completed in Belgium and t e reseachers
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might not haVe been American. In our own words, the heuristic
estimation ttrategy encouraged the learners who participated
in this study to go through a "dry--tun" of the solution process
before attempting a final solution te a Word problem. Ettimating
antWers to algorithMt has long been a' part of the mathematics
CUrriculum and strategies of teaching. DeCorte's applications
of ettimation as a strategy to improve learner's word problem
solving abilities might be creative if not unique;

It was made cleat that the subjects in this study were
sixth graders and that their nUmber was small. The total number
of subjects did not seem apparent in the report.

DeCorte contributed a hypothetis for further ttUdy as well
at tuggestions for Conducting the retearch. These are indluded
in the section containing hypotheses and questions for further
researCh.

Was it the estimation of the outcome ittelf that made a
difference in DeCorte's learner word problem 8OlVing abilities
or was it the abbrOviated

°passing through" the solution process,
i.e., the "dry,-run" which ,4as encouraged by th-cs estiMation?

What other factOrt Lld be -cpplied to encouraql the "dry-run"
through a word problem?
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THE EFFECTS OF LANGUAGE AND SCHOOLING ON THE SOLUTION

OF SIMPLE WORD PROBLEMS BY NIGERIAN CHILDREN

LawaI 0. Adetula (1985)

There were three major purposes for doing this study: (1)

to verify with Nigerian children models of the know3

strategies which underlie children's solutions to ba6

and subtraction word problems (Briars and Larkin,

et al., 1983); (2) to measure the influence of language cn

children's ability to solve simple arithmetic word problems,

and (3) to study the effect that schooling has on children's

solutions of basic addition and subtraction word problems.

The population sample for this study consisted of 48

schooled and 47 unschooled children. The schooled children

were randomly drawn from the Yoruba speaking groups in grades

one through four of a Nigerian University Staff School in Zaria.

Twelve students were drawn from each grade level. The 47

unschooled subjects were randomly drawn from the community whcre
the staff school was located. Their ages were seven to fourteen
years. These children could speak Yoruba but had little or no

schooling.

Individual interviews were used to identify the process
which the children used to solve each of the problems. During

the interviews the schooled subjects were asked to solve 15

addition and subtraction word problems in English and 15 in
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Yoruba. The unschooled participants were asked to solve 15
problems in Yoruba.

The findings indicated that simple join, combine addition,
and simple separate were the easiest problems to solve for all

the participants in this study. The compare problems and the
separate start unknown problems were the most difficult. Thirty
Six of the 48 children in the schooled sample performed better
when the problems were in Yoruba. Five students performed
better when the problems were presented in English.

The results indicated that unschooled children were, in
the final analysis, as successful in solving word problems as
the schooled children, but that this success was true of the
older unschooled par: -ipants only.

There were three major conclusions to this study: (1)

Problem solving skillswhich were not very different from those
in western cultures were developed in Nigerian children in
addition and subtraction. The abstract counting strategies
uSed by western children were less evident with the participants
of this study; (2) Problem solving skills were not a total
function of the schools; the performance of the unschooled
children on addition and subtraction word problems was similar
to that of the schooled children. (3) The language of problem
presentation had an effect on performance. The children
performed better when the problems were presented in their
native language, Yoruba.

Commentsfi_Criticism--QueStions and ConcernS
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The unschooled children in this Study and in previous

similar stTldies in Africa were members of families who were
traders and merchantS. Their mathematical abilities were

obtained from their daily activities in the Marketplace. These

adtivities included the handling of money baSed On the decimal

System and buying and Selling goods which were padked in dozens.

The exact number of interviews and the duratiOn Ofeach
Was not apparent in the prodedures. Were the probleMS presented
in written form or orally to the unschooled participants?

The term unschooled is USed somewhat loosely in thit study.
The unSchoOled were "schooled" in the Marketplace. This study
was an interesting source of information as to.where young

persons in other dultures acquire their prOblem solving skills
OUtside the realm of forMal schooling; Perhap8 Similar studies
are needed in other world Iodations where people Survive and
even thrive with little or no formal schooling.

CONCEPTUAL UNDERSTANDING IN SOLVING

MULTIPLICATION WORD PROBLEMS

Ana Helvia Quintero (1981)

The main purpose of this project was to study the nolo cf
mathematical conceptualizations and other factors involved in
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solving a word problem.

The study required two experiments. Thirty-six children

of Hispanic background between the ages of eight and twelve

years participated in the first experiment. The word problems

were presented to the children in the language of their

preference, SpaniSh o- English. The children met in groups

and individually with the researcher. They were audiotaped

during game playing, task performance, and problem solving.

In the second experiment the participants included 24

children of Hispanic background. All of them could speak

Spanish but some of them preferred to read their materials in
English. Tasks were undertaken with only one child at a time
over a 30 minute period. The youngsters were given a concrete

representation of the problem to minimize the difficulties of

interpreting it. Thus, it could then be tested whether or not

the children could map this representation of the problem and
relate ts to a mathematical operation which shared a like

struct.c,r?. A posttest which was equivalent to the pretest

was giver at the end of the experiment.

.`n_ie children were asked to restat .:! erich problem as they
understcud it. There was a hi-jh correlat'i.r.ir. 1_1tween the problems
dyed and restated correctly. It was found that the children

rely rf2peated th roblem in the so.me words as it was read to
thbm even when they restated it corrr:17t1y.

Thci results suggc-,ted that the major source of difficulty

was in repeating the intensive quantity. This supported the
hypotheJis that the representation of the intensive quantity

9
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was particularly important in solving these problems. The only

quantity that was varied was the embeddness of the intensive

quantity.

Contrary to what was expected there was a trend for the

abstract problems to be the easiest for the children to solve.

In the second experiment the most common error was the

failure of the children to represent the relationship between

the elements that form the intensive quantity, i.e., the

children had difficulty in exercising an ability to understand

the relationship between the elements that enter to form an

intensive quantity.

The researchers emphasized the importance of precise

typology to characterize the wordproblems which children are

Asked to solve in order to better understand children's

difficulties in solving multiplication word problems.

Comments, Criticism, Questions and Concerns

Reiearch in Education is conducted in order to generate

information that Ls consumable by teachers for the purpose of

making a difference in the classroom. Many teachers are not

statisticians. It would have been helpful to the reader-

teacher if the definition of terms page had been designed to

give a clearer, more meaningful explanation of these terms:

intensive quantityc typology, embeddness. A simple table could

have served as a 'key' to more clearly defined and expanded

meanings of important terms and their symbols rather than

dependence on text and outline alone. This would go hand-in-hane
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with and be supportive of what might have been the researchers'

most important statement: the improvement of children's

performance when solving intensive X extensive (IXE) problems

after working with drawings and concrete materials suggssts

that the uSe Of these two atd three dimensional manipulatiVe

devices or Multiple embOdimentS to represent the most basid

elements of word probiens can be till OffeCtive instructional aid.

It is possible that te moSt important findng t;ated

by the reSearchers concerned the high cOrtelation betweci.n problems

worked and those restated by the child correetly ie., those

word probleMS the Child restated in his/her OW11 WOrds and the

way he/she Understood theM. These findings combined With

alleviating the children's difficulties with understanding and

restating the intensive quantity in a word problem are vitally

iMpOrtant cOntributions to children, teachers and the total

efforts toward the improvement of prOblem solving. This reador

recommends that efforts be made to communidate these three

important findings to teachers and commends the researchers;

The children had difficulties with understanding the concept

of ratio, i.e., they lacked a conceptual understanding of one

of the components of the word problems presented to them. The

statements Of hypotheses were not readily apparent before the

explanations of the methods and procedures.

The diagraMs of the word problems and the table ir 1-he

appendices were commendable.

The inVestigators suggested that this research can be

expanded to include the study of how childken work one-step
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multiplication problems of different structures.

AN EMPIRICAL VALIDATION OF COMPUTER MODELS

OF CHILDREN'S WORD PROBLEM SOLVING

Erik DeCorte, Lieven Vechaffel (1985)

The major purpose of this study was to use data derived
from a longitudinal study to test the various predictions
derived from the computer models of elementary artthmetic word
problem solving developed by Riley et al (1983). The
researchers focuSed on these aspects of the Riley team's
analysis of the solution processes in the change problemS:
(1) 'the answer patterns of the individual children on the
different types of change problems; (2) the appropriate problem
representations; (3) the correct solution strategies; and (4)
the nature and origin of the children's errors.

The subjects for this study were 30 first graders who were
interviewed individually three times during the School year.
Each time they were administered a Series of Piagetian tasks,
memory tasks, counting tasks and eight word problems.
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The researchers'findings support a great number of

predictions of the Riley team s computer models concern2ng the

sequence in which the different problem types were mastered,

eg., the 30 children correctly solved the change 2 problem in

the beginning of the school year and none of the children who

responied to change 3 problems correctly failed on change 1 or

2 in zccordance with the Riley team's predictions.

The obServations of this research team revealed a change

in the chUdren's solution strategies as the School year

progressed, ea., verbal and material strategies in the beginning
of the sche.)ol year ar.:7 a maYked increase in mental strategi,,2s

in the end of the year.

In conclusion the researchers also had important findings

whitth were nct in agreement with the Riley team's models. Among

the reasons offered by the researchers to explain why the computer

models did not accouit for many of their findings was the fact

that the Riley models were strongly based on a rational analysis

of the simulated cognitive processes and less on empirical data.

Secondly, the descriptive and explanatory data from the Riley

models decreased in value as soon as the formulation and the

mode of presentation of the problems ceased to coincide completely
with the corresponding aspects in the computer models. The

third factorconcerned the text-processing component. The

description of the variables and processes which contributed
to the construction of an appropriate representation of the

problem textwas not sufficiently elaborated in the Riley analysis.
Thus, several appropriate and inappropriate problem representations
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werecompletely lacking in the computer models.

The researchers didnot deny the value of the computer

simulation as a tool for research in word problem solving,

the computer is a very appropriate tool for modeling cognitive

structures and to process underlying intellectual performances.

A computer represents structures and processes explicitly and

unambiguously, making it an excellent starting point to generatc

hypothesis which can and must be verified empirically.

Comments, eriticismsc Questions-and-Concernt

The DeCorte team applied self-report techniques and the

observation of behavior to test the series of predictions from

Riley's (1983) models, i.e., qualitative empirical data gathered

by and from living subject8 used to test the adequacy and

validity of computer models. The value of data collected by

human beings observing the behavior of othor human beings might

surpass that of computer models indefinitely. The reader should

note, however, that at any given time computers are limited by

the state of the technology and existing programs.

In the beginning of the study the researchers outlined an

excellent history and timeline of the researcl; in word problem

solving including the researchers' names, their co.tributions

and the year that their work was presented.

What specific contributions toward the improvement of word

problem solving are.coming from the realm of logo? Which kinds

of problem solving behaviors or models might be effectively

tested by computers?
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THE ROLE OF SEMANTIC UNDERSTANDING IN SOLVING

MULTIPLICATION AND DIVISION WORD PROBLEMS

Judah L. Schwartz/Ana Helvia Quintero (1981)

The researchers were concerned with the semantic aspects
of word problems, i.e., the meaning of the concepts and their
relationships involved in the problems. This study was intended
to further the understanding of how children solve word problems
by studying the difficulties that children demonstrate when
solving two-step multipIf.cation problems of a given structure.

Two experints were included in the study. The first
experiment involved 36 children between the ages of 9 and 14.
Each child and the experimenter went through two tasks at a
time. The children were asked to solve a set of word problems
and to choo.,rs from a set of drawings the situations represented
in the problem.

The subjects forthe second experiment were 93 rThildren

between the ages of 9 and 13 years in grades 5, 6 and 7. Each
child was given a set of four two-step problems to solve and
asked to write the operations used to solve the problems.

The results of the first experiment indicated that a major
source of difficulty the children had with the word probIems.was
in inderstanding the relationship between the elements that form
a ratio. A second source of difficulty was in understanding the



relationship between the ratio and the extensive quantity.

The second experiment revealed that the concept of ratic
continued to be a source of difficulty for children as was th
two-step word problem.

Comments_;-CritidiSmi Questions_and-Concerna

The clear aql precise statements of hypOtheses questions
or aims for each of thete eXperiments were nOt readily appare

What was the nature of the population sample in terms of
abilitieS?

In which language were the prnblema presented to the
children?

Do children haVe difficulties with th donaePta Of simpi
ratios and fractions for a-bine of the same reasonS they have

diffidulties with word problema?

USING THE MICROCOMPUTER TO TEACH

PROBLEM-SOLVING SKILLS:

PROGRAM DEVELOPMENT AND INITIAL PILOT STUDY

James M. Moser, Thomas P. Carpenter (1982)

The purpose of thiS report was 413 describe the results Of
the initial phase of the microdomputer research project conduct
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by the Mathematics Work GtoUp bf the Wisconsin Center for

Education Research. The aim of the project was to investigate

the transition phase in children'S learning of symbolic

representational skills in mathematid8. This transitional phase

takes place as they progress from the infotmal strategies that

they learned independently of formal School inStructthn to the

mOre fotthal schooI-learned skills of writi-g SyMbolic -sentences

to represent verbal problems and then solving them. The cbhtent

was limited to addition and substracti3n problems. The project

used the microcomputer to establish a direct link between

writing symbolic number SentenceS and children's informal

modeling processes. The researdhers built this study upon

their findings of previouS StUdieS.

For this study the researchert developed a computer program

Which enabled children to us-c two-diMenSibnal simulations on a

midtbcomputer display in place of actual phyidal Objects to

SOlve Word problems. The children could produce sets of objects

one at a time and could make a single set, two setS or remove

elementS froth a set they had constructed.

A teadhing experiment was carried out after the deVel-opmeht

of the computer proqtath in order to: (1) validate the phySidal

and conceptual featureS of the microcomputer pro9ram; (2) Stildy

the development of children's number-sentence writing ability;

(3) develop and validate prodedUreS of instruction related to

Use of the computer program; and (4) eValuate the effectiveness

of the computer program and the related instructional procedures

in linking the informal solution strategieS of young children
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and the formal symbolism of mathematida4

The four subjects for thiS clinidal study were selected

from the two first grade clas8es in a parochial school loce.ted

ih a middle-class neighborhood in Madison, WiSdOnsin.

IndiVidual interviews were conducted in Order to obServe each'

dhild't ability to express himself/herself and give Clear

explanation8 of the procedures and actual processes used tO

solve a given probleM. The four selected subjects were taught

a series of lessons iridividually by one of the two experimenters

in the presence of a second adult observer. Following the

instructionr each of the fOur Stbjects was given a brief

individually administered problem solving interview.

In summary, three of the four subjects in the experiment

consistently wrote appropriate number sentences and solved the

problems using strategies which were consistent with their

number sentences. None of the four subjectS wrote cor7:ect

Sentences in the screening tasks given to them before the

experiment. Three of the four subjec.Ls wrote correct number

Sentences for the compare problems and s,Aved the.problems

using a strategy which model-u their number sentence rather

than the structure of the problem. The same three children

wrote correct noncanonical open sentences for the missing addend

problem and they were generally successful in writing correct

sentences for the missing minuend problem, on which almost no

instruction was given.

The results strongly supported the conclusion that an

instructional program based on the principles of this study
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would be effective in teaching tepresentational and formal

problem solving skills fot SOlVing addition and .:motraction

word problems; Before inStruCtiOn took place, the four subject8

wrote inappropriate number SentenceS for all but the most

straightforward aei.'Lion and subtraction Sentences. Prior to

inStruction the subjects ignored the nuMber Sentences. After

inStrtdtion tobk place the f.our subjects could Write number

sentence8 to represent problems. They used this ability to

solve a variety of problems using the computer. Three of the

four subject8 could apply this ability to solve problems without

the computer.

The results of thiS Study Supportedthe suggestion that initial

instruction in addition and Subttadtion should include noncanonical

sentences. During and'after instrtction the four subjects

dOnSistently wrotc: noncanonical sentencOS to represent missing

addend word problems. Pupil performande during the lessons also

.supported the conclusion that the instruction T.4-a SUCCessful in

developing representational skills. The children Were helped

to understand the relationship between their own informal

strategies and the formal mathematical representations. The four

children's abilities to interaCt With the computer were very

positive. No difficulties what8oeVer were recorded. The computer

-ea...thed to allow children to rely upOn their informal mathematics

in an area of formal mathematics such AS Sentence writing. This

experiment demonstrated that the computer may allow children to

represent problems in a formai way without havinq COMpletely

learned the formal algorithms and number facts. ThéSé findings
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suggestedthat instruction could be modified to make more effective

use of children's natural ability to solve verbal problems in

learning the formal mathematics of addition and subtraction.

Comments, Criticism, Questions and Concerns

The study teemed to be thoroughly planned, det.igned and

completed. However, the total number of subjects was only four.

These four students were carefully selected for the study from

two fir t-grade classes in a parochial school located in a

middle class area of Madison, Wisconsin; a city which also

provides a 'Iome for a very large university. How much weight

can be assigned to findings based on the Clserved performance

of only four children in a parochial school serving a middle

class population? These four children seemed to have regular

access to computers during this study; Most children in

ordinary school settings have little or no access to computers.

Four subjects might be too few even for a pilot study.

Most readers probably agree with the researchers' suggestion

that investigations concerning children learning mathematics and

their use of computers when doing so should be continued. Perhaps

a larger number of children from a variety of settings and

backgrounds should be included in such future investigations.

How much of the children's improvement in performance could

be attributed to the increas.ed conceptualization of the

mathematical processes involved and how much of this increased

conceptualization could be attributed to the Piagetian-type

two-dimensional representations of the word problems appearing
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on the computer displays?

PUPIL GENERATED DIAGRAMS AS A STRATEGY FOR

SOLVING WORD PROBLEMS IN ELEMENTARY MATHEMATICS

Anna Vance Yancey (1981)

Thit ttudy included a discussion of prior reteardh that

wat unsurpassed in quality; The landmark ttudiet in Word

probleM8 dated back to 1935 and included the work of Suydam

'oaver, PaCeo Shoecrafti Hansen and Brueckner.

This study Wat intended to test these six general hypotheses:

1. Childron.who are taught to produce their own diagrams

of the inherent ttructUre of word problems in elementary

mathematics will perform better on tests of word

problem solving ability than pupilS who are provided

an equivalent amount of instruction in other problem

tblving strategies.

2. The diagramt Will be eXhibited by the tUbjedts in the

experimental groupp (Method A) on both a posttest and

a delayed retention test.

3. The pupils produding the most correct diagrams on a

test will achieve a higher score on that test;

4. Pupils taught the diagramming ttrategy shall exhibit
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a more positive attitude toward mathematics than

pupils taught by traditional methods.

5. Less than ten hours of instruction shall be required

to achieve the above effects.

6. Those instructors who are unfamiliar with teaching

pupils to generate their own diagrams shall demonstrate

an ability to successfully use this strategy.

The 92 subjectt participating in this study were members

of four fourth grade classes at Centerfield Elementary School,

Oldham Country School District, Kentucky. These students

completed an attitude pretest, a pretest on solving word problems,

six weeks of instruction on solving word problems (three 25

minute periods per week), a poSttest on Solving word problems

an attitude posttest and a retention +-est on solving word

problems given six weeks after the poptest. Two of the groups

received instruction based on a strategy of teaching the students

to generate their own diagrams to represent the inherent

structure of the word problems. This strategy of teaching was

named Method A. The other two groups of students were taught

with a teaching strategy based upon an eclectic approach to

solving word problems. This wat known as Method B. Each of

the two investigators taught one group with Method A and another

group with Method 13;

The major results indicated that Method A students did

learn to generate their own diagrams which repretented the

inherent structt ord problems. They demonstrated this

new skill on th st and the retention test. Both groups,
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A and B, showed statiStically significant improvement from the

pretest to posttest and retention test; The reference group

did not; Although both groupt, A and B, showed significant

improvement from pretest to posttest: thbte students who were

taUght to generate their own diagrams (Methbd A) performed

significantly better than the Method B StudentS. Method A

ttuderitt alto eXpressed more positive attitudeS toward
-;

mathematics than did Method B students;

Withit. the Method A group there was a signifitant correlation

between the number of correct student nerated diagrams on the

posttest and the retention test, as contrasted with Method B

students generating an avei7age or below average number of

correct diagrams.

This study demonstrated the effeCts of teaching fourth

grade students to generate their own diagratS representing the

inherent structure of word problems. Teachert previbuSly

unfamiliar with the technique accomplished this in less than

eight hOurS of pupil instruction;

The implications for this study include: (1) children

can be taught to generate their own diagrams as a strategy in

solving word problems; (2) performance on word problem tests

improves after acquirina thi8 Sttategy; and (3) the study of

children's use of diagram8 to tolVe Word problems might be a

useful instrument for examining pupil'e mental processes.

The pedagogical implications are clear: (1) teachers

should be taught to solve m. word problems by drawing

83



77

diagrams and (2) teachers should 1.)%? encouraged to communicate

this problem solving strategy to their Students.

Comments, CriticismQuestions and ConcernS

The review of the literature on word problem solving was

oUtttanding. :The six hypotheses for thi8 study tiTete clearly

sttted and easily located. This study included a definition

of termS according to usage in this particular 8ttdy. A liSt

of ten queStiont for further research were offered by the

investigator. 3se questions were included in the suggeStionS

and questions for further research section of this document.

The researchers did a thOrough job of research and in reporting

the results; The study was a worthy contribution to children

and learning.

Some of the fourth graders in thit study were on'the

threshold of their formal thinking stage. The technique of

developing children's conceptual imagery through drawing seems

like an ideal bridge between the concrete operational and fcrmal

stages as described in the work of Piaget.

THE EFFECT OF A MODEL DESIGNED TO FACILITATE

MATHEMATICAL STORY PROBLEM-SOLVING SKILLS IN

CHILDREN IN THE INTERMEDIATE ELEMENTARY GRADES

Florence C. Wilson (1982)
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The pUrpose. of this study was to develop a model instrUctional
_

unit for teaching story problem-s .ring skills to fourth and

fifth grade Students and to measure the model's effectiveness.

Two atateMents of hypotheses were proposed for the stlAdy:

1. FOUrth grade pupils taught with the new instructional

MOdel Will demonstrate an incrgased ability -.;3 solve

mathematida Story problems whcl compared with a group

of fourth grade elethe-atary pupils taught with the

conventional MethOda bf instruction af masured by

alternate forms of a pre=norm and post-norm referenced

standardized test.

5. Fifth grade elementary sChool pupilt tOtht with the

new rr-,del instructional unit will dOMOnttrate in-creased

abil' to solve mathematics word probleMS When compared

witl a cg :)up of fifth grade elementary pupilS taught

with the conwentional methoc7 of instructiOn o8 meaSured

by alternate forms of a referenced standardized teat.

The study included two null-hypo znesis:

1. Thete Will be no significant difference between Samples

Of fourth grade elementary pupils taught with the new

model inttructional unit and the fourth grade students

taught with the conVentibnal methods of instruction;

2. There will be no sighifidarit difference between samples

of fifth grade elementary plipi1 8 taught with the new

model instructional unit and the fifth grade students

exposed to the conventional methods of inatruCtion,
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Tne control group consisted of eight boys an'l six girls

in the fourth grade and seven boys and five girls 1.n the fifth

grade fbr a total of 26 students.

The experimental group consisted of eight boys ard seven
/

girl8 in the fourth.grade and six boys and six girls in the

fifth grade for a total of 27 Students.

The total number Of participants in this study were 53

learners whose scores were below the 40th percentile in the

CAT-Math. They wore within the normal range of inte17_igence

and had no learning di5abi1ities.

The independent variables were the new model inStructional

unit and the usual textbook instruction.

The dependent variables were the posttest scores cf the

pupils adjusted for the disparity between the groups on the

pretest and analyzed to determine the effects of the

independent variable.

Levels nine and ton of forms seven and eight of the Iowa

Tests of Basic Skills-MathematicS Problem SolVing were

administered as the 1:Tetest and posttest for both groups.

The results indicated that the model instruCtional unit

was an apparently effective means of teaching mathematics story

problem solving skills to the experimental group. This conclusion

was qualified by the condition that this instructional unit of

instruction included group-involved discuss illuStration and

demonstration of solving problems; i.e., the instructional unit

alone could not account for the differential resultS.

The evidence indicates that the students who were taught
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with the model instructional unit and the group techniques and

demonstrations were able to solve more mathematics word problems

than were solved by the Students taught by the basic textbOok

methods of instruc'cion as tested bv Level nine or t.an of FOrm

eight of the Iowa TeSt8 of Basic Skills-Mathematical Problem

Solving;

Recommendations by the researcher for futdre lesearcher8

who wish to expand on thiS Study include the following:

1. Field studies involvihq MOre teachers and a variety

of larger population samples.

2. Results could be evaluated by grade and sex.

3. LeVel of intelligence should Serve as a second

COvariate.

4. PoptlatiOns should represent the full range of

student adhievement

5. The inStruCtiOnal univ should be taught over a full

year instead of a semester.

6. Teachers should be instructed in how to implement

the unit before teaching it.

Comments, Criticismi_QuestionS and Concerns

This study was thorough and coMpétently reported. The

revieW Of the literature was nothing less than outstanding.

The hypotheSeS were clearly stated and easily located. The

design was appropriate. The summary, conclUSiOnS and

recommendationS were Carefully presented. PerhapS the weakest

aspect of the Study waS the almost total absence of information
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ab,-ut the model instructional unit. The testing of this unit

was the topic Of the entire study. The appendix contained only

a three page descriptive overview of the Model unit without any

sample demonstrations or problems. The text of the Study itself

seemed to lack completely any c:iescription of the model unit.

In the conclusions the researcher attribUted the higher

test scores of the experimental group to the model instructiOnal

unit and a condition which was separate and apart from the model,

group involved discussion, illustrations, and demonstrations

of solutions to problems. Did the control group experience this

'ektra' dondition? Why wasn't 1.-is 'extra' condition treated as

a patt Of the model unit or as a separate variable? Was it

described in the design? Could it have been built-into the

,.odel unit?

According to the researcher, the subjects were randclay

assigned to either the control or experimental groups. However,

the random assig:ment was not effettive. How can the randOm

assignment of subjects be made more effective in future expanded

studies?

The researcher suggested that future expanded studies take

place over a one year period rather than a semester. The

subjects in this study were fourth and fifth graders and some

of them, especially the fifth graders, would be on the threshold

of their formal thinking stage. Over a one year period many of

the SubjedtS -Could be crossing over into the psychological

Maturit'l njch i:1udes formal thinkin7 abilities; When so,

how much of. the StudentS' success could be attributed to their
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new psychologidal=developmental maturity rather than to any
_

particular instructional model?

The subjects in this study were all of normal intelligence.

Was thiS characteristic typical of all school situations?

Would it be trte in tandbmly selected classes in other locationt?

One of the researcher's most profound statements was not

directly related to the expetiMental research itself; This

important statement wa8 that few textbooks or instructional

programs meet the necessary criteria for effectively teaching

problem solving to children.

One of the most profound referencet indluded by the

researcher might have been Brownell (1942) whb Suggestel that:

A problem is not necessarily 'solved' ju§t

because the correct response has been made.

Probm not truly solved unless the learner

srstands what he/she has done and knows why

his/her aCtions Were appropriate;

Florence Wil8On's contribution r;eems compatible with the

works of Piaget and Brownell.

A correct conditioned response?
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SUMMARY

The experimental research of the 1980's seemed to focus on

the children, instruction, and the word problem itself. The

sL%udies which focused on the Children were concerned with these

five major topics: (1) the children's own inventive processes

for solifing word prObleMS; (2) conceptual Irnderstanding; (3)

dbgnitive functioning; (4) difficulties with two-8tep problems;

and (5) concept representation by using diagrrims and drawings.

Although one or two stud:les analyzed three-dimensional

Manipulativc- for conceptual rerr 'oni there seemed to

be a shortage of such studies;

The ..t.udies which focused on instruction were concerned

with these eight major topics: (1) instructional models; (2)

explicit instructions and explanations; (3) direct sequenced

instruction; (4) small cooperative groups with some peer grObp

imJtruction; (5) estimatiOn as a method fbt pupils to prViet4

a solution prccess; (6) the requirement that children r08tatO

the problem ih their own words as a method of encouraging

cbtrect ihterpretation; (7) computer assisted 4_nstruction for

teaching and reinforcing problem solving skills; (8) computer

models for uSe in word problem solving research. There seemed

to be a 8hortage of experlIllental studies which included the

use of computers.

The studies which focused on the problem itsc were
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f' ( ) readability; (3) structure;

(4) fotMat; and (5) syn--ax.

Expet:Méntal studit73 which focuSed on rating textbook

series fOr effeCtiveness in preparing children fot solving

word probleMS SeeMed to be non-existent; Rating SCales for

measuring this kind bf textbook effectiveness seem to be rare.

These studie8 teethed to indirectly indicate that the

principles of developmental pSychology need to be respected

and applied even when teaChing fbt specific behaviors and

outcomes. More studies seem to be needed which might reveal

the respective and combined, values of deVelopmental and

behavior:. . psychologies for more effectiVe dhildrens word

probleM sOlving abilities; The emerging Concern seems to be

not that Children know merely how to achieve a sblution to a

word prObleM but that they understanr1 why the Solution is cor.r..(

i.e., conceptualiZation should accompany an intttucted process.

The critidiSmS Of these experimental stUdieS in terms of

the way they were tepotted might include a concetn fot the very

samples and their effect on the credibility of the findings

Some of the studieS lacked adequate definitions for the major

terms used;

The studies reVieWed in this document were selected because

they seemed to be experimental ot scientific in nate. Some

of the reports for the studieS did not seem to include

statementS of any problem hypotheses ot questions to be

investigated. Regardless of adherence to any particular manual

of style for reporting research, a clear and precise statement
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of the hypothesis sho,Ild be included in the description of the

exPeriMent. Perhaps the hypotheses to be tested should be

or underlined.

By whose authority can a study of any kind be called

scientific Or experimental and be afforded the rights,

privilotIo8 and Credibility thereof without a hypothesis,

statement of the problem or at least a question to be answered?

MAJOR FINDINGS AND CONCLUSIONS LISTED

1. Teachers who provided exIicit explanations and

interacted meaningfully with students were more

effeCtive in helping th,-,-3m become successful problem

solvers (Berrmann 1D86).

2. Children at the same conceptual level seem to differ

tn their ability to construct and maintain

represeations of se -,ory motor actions (Cobb, 1986).

3. There are some children are able to reason about

quantitive problems, i;e., they know the basic

prOdedures of given operation but may nct use

alorithMic procedur,23 find answers
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prObleMS. They may rely on direct modeling and

counting (Romberg, 1983).

4. Early didactic Models in a chil's school d learning

experienceS Might ekert considerable influence on

proble, %ting behaVior even :!..Fter the acquisition

of far ..Athematical thought (Fischbein, 1985).

5. Four skill areas repreSented an immediate need for a

sizeable number of sixth gradersi i.e;i computation,

interpretation, reading And the integration of the

three previous skills for finding A solution for a

word problem (Ballew and Hunter, 1983).

6; one pOtSible effect of some kinds of inStrudtion on

problem tolving behavior might be a shift frdm A

variety of strategies to solve a variety of problemS

to a single strategy (Carpenter, 1981).

7; Asking the child to re8tate the problem correctly in

his own words can help the teacher identify his/her

repreentations of the probleM. It Might also help

the Child better understand the problm (Quintero,

1983).

8. TeaLherC dan be sensitive to the SeqUence of

instruction when they understand the prerequisite
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knowledge structures for solving certain problems.

Different strategies can be a;t: w:-len teaching

at different levelS (NeSher, 1982).

9. In regards to word pl-Oblems, teachers shotild help

students to develop the ability to break down complex-

compound sentences into several simple SentencO8 (Wheoler

and McNutt, 1983);

10. tudents working in cooperative conditions outperformed

Stiidents in individ'aIistic competitive conditions

When Solving word problems (Johnson and others, 1980).

11. The use of drawings to organize the data in word

probleffs was most helpful to students scoring Iow

On dognitiVe ability tests (ThreadgilI-Sowder and

otherS, 1985).

12. The use of diagrams, the appropriate reordering of

number sequences, and the removal of extraneOuS

information can improve the Success rate in solving

word problems (Cohen, 1981).

13. The problem sr.ru.7ture and the overall pattern of

relacions between the quantities in the prob had

an Offect On problem Solving success (Shalin and

others, 1985).
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1 4. Field=ihdependent subjects solved more word problems

-cotrectly than did field-dependent subjects (vaidya

and otherS, 1981).

15. Most of the Children had more difficulties with

two-step word probleMS than one-step problems; These

difficulties were conceptual and strategic; Children

tended to use the Aame Strategies for solving two-step

word problems as uley did for onestep problems, i.e.,

Wi-ai a Single sttegy. -tuderitS imPrOVed their

perfOriiianCe in tc twO-SteP word problemS After having

been told that tne problems required a two-Step

Solution (Quinero, 1984).

1 . InstructiOn had a bearing on any changes in a child'S

inventd behavior for solving word problems.

Instruction had a major effect on the range and

application of learned Strategies (Moser and others,

1

17. When working in small grotp8, a StilttiOn to a word

problem was available within three -.Acta Of the reading

of the problem. In each group, one attdent Contributed

very little of the total answers and anOther Student

gave over half the answers (Guilbert and Leitz, 1982).

1 . Presenting word problems by way of drawings was cltarly
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more effective than the standard Words-only

presentation (Threadgill Sowder, 1982).

19. The small group working without teacher interVention

seems to be a powerful learning tool (Noddingt, 1982).

20. Chiin t..zined to solve basic types of word problems

in .;e2quence achieved higher posttest scores than

those children who were trained to solve an unsequenced

arrangement of the same problems (Jones and others,

1985).

21. Reading ability played a maj.z. role in the solution

of wOrd problemt and eXtraneous information reduced

the accuracy of StUdentS' answers am. increased the

length of their test-taking times (LU.h, 1982).

22. The direct instruction approach whiCh included the

teaching of prerequisite Fkills in a sequential manner

and explicit teachi tilm-solving skills was

more successful than Aonal approach. Time

on task apne did not increas performance (Darch and

othert, 1983).

23. The praCtice of applying readability formulas to

determine the grade level appropriateness of word

problems was questioned. Readability scores a few

9 6
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grades above or below grade level did not

substantially affect Students' abilities to solve

word problems (Paul, 1986).

2 . Most first graders were limited to direct symbolic

representations of word problem8 (Carpenter and

others, 1985).

25. Sixth graders rarely applied systematic problem

analysis when confronted with a word problem. Their

difficulties with word problems seemed to be cauSed

by a lack of the attitudes and skills necessary to

the act Of analying a problem before attempting to

compute a Solution (DeCorte and others, 1981).

26. Problem solving skill might be acquired from sources

other than formal schooling. This Might be especially

true in other cultures (Adetula, 1985).

27. There was a high correlation between the problems

solved and those restated by the children correctly

in their own words. A major source of the children's

idifficulty was n repeating the intensive quantity.

The reprebentation of the intensive quantity was

particularly important in solving these word problems

(Quintera, 1981).

9 7
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28, (a) Children relied lOSS on Verbal and material

strategies and more on tontal -strategies as the school

year progressed; (b) The valte of data collected by

human beings observing the behaviOr of Other

beings might surpass that of computer models

indefinitely (DeCorte and others, 1985).

human

29. The concept of ratio and two-step word problems were

a source of difficulty for children (Schwartz/Quintero,

1981).

30. More effective ute Of Children'S natural ability to

solve verbal problemS might be possible with properly

modified instruction (Moter and Carpenter, 1982).

31, Instruction increased pupila' success in writing

number sentences (Moser and Carpenteri 1982).

32. Computers might allow children to repretent problems

ih a formal way without the learnert haVing CoMOleteIy

Mastered tne formal algorithms and number factt (moser

and Carpenter, 1982).

33. Students whb generated their own diagrams to reprotent

word problems were thbre successful in solving them

than students who did not (Yancy, 1981).

gt
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3 . A model inStriictional unit was an apparently effective

means of teaching mathetatidS story problem solving

skills when it was accompanied by group involved

discussions, illu8tratioha, ahd demonstrations of word

problem solutions (Wilson, 1982).

SUGGESTIONS AND QUESTIONS FOR FURTHER RESEARCH
------------------------------------

IN MATHEMATICS WORD PROBLEM SOLVING

1. A focuS on the qualitative dimensions of instruction

provided by teacher educators should include studies

Whidh: (a) describe Characteristics of the verbal

interaction patternS of Students who actively interpret

instructional informatiohi and (b) teacher educators

who actively interpret the Student responses to

instruction.

2. Does the study of the logo computer language enabie

the student to solve word problems more effedtively?

. Are some.step-by-step problem solving strategie

more effective than others? For whom? Why?

Please note that most of these suggestions and questions were the reviewer'S
own ideas. They were a result of his reading and analyzing each study. Some of
the suggestions were explicitly stated by the researchers and an effort was made
to identify those items for the reader.
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4. Do teachers apply the work of Piaget when explaining

and giving directions for word problems, i.e., do

teachers include considerations for paychological,

developmental readiness as well as mathematidal

readiness?

5. What can teacher educators do to encourage teachers

to apply the work of Piaget when explaining and

giving diredtiont for word problems?

6. To what degree do repeated exercises in drill and

practice cause mathematical mindsets which inhibit

formal thinking and cause children to focus on single

strategies for solving word problems?

7. How can we avoid the development of mathematical mind

sets? Can we do so by efforts toward helping children

develop an understanding of our number system?

8. Can the time at which a Child enters the forMal

operations stage be affected by teacninv If to,

hoW? If not, Why not?

9. How much do instruction and inetructione contribute

toward molding children into convergent thinking

patterns and the use of single strategies for solving

a variety of problems? Is convergent thinking a
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desirable outcome in the teaching of mathematicS?

How much does our concern for standardized test

scores contribute toward the teaching for convergent

thinking?

10. How often do teachers mistake a correct conditioned

response for an internalized concept (conceptualization)?

11. How often do teachers teach concrete operational

children (Piaget) as if they were formal thinkers?

or How often do teachers respect both performance

and developmental factors when teaching mathematiCs?

12. Should mathematics teachers also be teaching some

language arts and reading? Should some reading and

language arts teachers also be teaching some

mathematics? How can the efforts of mathematics

teachers and teachers of reading and language arts

be combined for the purpose of improving student

abilitieS in solving word problems?

13. Shotld the teaching of mathematics in the elementary

school be multi-traCked? If so, should materials

for a given grade level also be Multitracked in

difficulty including the syntax of word problems?

101
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14, When should teacher's supplement their own methOdS and

strategies fOr teaching a given concept or skill With

children's peer group instruction?

15. Are we moving into an era when Conditions and tools

for communicating demand that formal thought itself

be redefined?

16. Should fOrMal thought be redefined to inClude the

cognitiVe restructuring of abstract conceptS for

slow and average learners?

17. Are we misassuming the existence of formal thOtght

in some learners, i.e., in practice, do our teaching

methods and materialS assume that learners become

formal thinkers SimultaneOusly?

18, Should formal thought be redefined or cognitively

restructured for unimpeded ahd gifted learners to

include advanced formal thought, i.e., a computer

lanquage such as logo which is considered an advanced

form of abstradt thinking for some children? Indeed,

logo is thought by some (Papert, 1980) to have the

capacity to alter the problem solving process.

19. For how many days, weeks, months or years shall

learners retain the ability to apply specific

1 2
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mathematical operations for solving word problems

when these operations were "behavioraliStiCally"

acquired without respect for the principle of

developmental psychology?

Should teachers and publishers remove and edit out

any structural format faults which interfere with

student success in solving word problems?

21. Which specific difficulties that children have in

solving word problems can be attributed to the way

the problems are written?

22. Is there a correlation beween left bt tight brain

hemisphere dominance and field dependence or

independence?

23. Some studies indicate that successful mathematics

students might be left-brain dominant. If 80; are

left-brain dominant students field dependent or

field-independent?

24. Some studies indicate that field independent students

are more successful in mathematics than field-dependent

Students. Should the development of a field independent

toqhitive leerhing Style be encouraged in learners?

If So, hOW Should it be encouraged?

3



25. How might instruction (convergent thinking) indrA

Children's effectiveness in solving word problem

Without inhibiting the development of their

inVentiveness (divergent thinking)?

26. If inaeed, participation in small groups helps

become more effective problem solvers; is it beczd

of the small group dynamics at work? The peer g34/

instruction? or a CotbinatiOn Of both? Do only Itt/

students who are active participants in the grou

experience gains? Can gainS be made in the probV

solving skills by 'silont' patticipation in the

How much does the emerging group 13ecking ordee dqt\VII

each member's success in that group? What are thl,

factors which determine the loecking order' Within

gtoup, i.e., status and sociability; math and verd
,

ability, one's gender?

27. What ate the lOng term effects on concept retentij

of rote, repetition; conditioning methods, and the

meaningfUl applications of computational operatio

to manipulations of concrete objects and events?

Is it possible to combine the best of these two

schools of thought (behavioral and developmental

psychologies)? If so how?

28. Should the teFiching of reading be Combined with

computational skills as a method for developing
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and assessing comprehension while simultaneously

teaching and reinfOrding problem solving 8kill8?

HO,;4 much longer can the efforts of reading and

mathematics- teachers remain separated?

29. How much dO ttaditional textbooks, curriculums and

teaching strategies contribute toward student succ088

in word problem solving? Or How much do they contribUte

toward distracting frOtt success, i.e., do they provide

for the prerequisite sequenced tkilLhidh are needed for developing

and bringing together the necessary dbnceptualizations,

computational skiIlsand strategies for wokd problem

SOlving?

30. The 'neW Mathematics' relied heavily on the cnntributions

ft-ot Mathematicians. Should the mathLMatiC8 fot the

1990'8 and the neW Century seek and consider the

contribution8 Of the developmental psychologists?

31. How much of WOrd-probJem solving is an act of

creativity?

32. To what degree does investigation itself change the

character 7)r process of that which is being

investigated (Harris, 1980?

. Do the cognitive processes of ersons over 50 years

nc
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of age differ from those of younger persons? If SO,

then why? What effects did the absence of television

in the lives of persons over 50 years of age have on

their cognitive processes?

3 . Erik DeCorte recommended the following hypothesis

for fdrther Study: The acquisition by the 'earners

of the heUriStic eatiMatiOn strategy leads to a

qualitative improvement in their word problem solving,

i.e., it is especially the hetristic estimation

.trategy which induCeS an improvetent in learner's

word proDlem solving and is the determining faCtor Of

the increase in that performance. In researching this

hypothesis DeCorte recommended that special attention

be given to the collection of qualitative data on

pupils' problem solving processes before, during, and

After che experimental teaching program;

35. Was It th.-; ettimation cf the outcome itself that made

a difference in DeCorte's learner's word problem

solving abi1itio8 or was it the abbreviated 'passing

through' the solution procett, i.e., the 'dry-run'

which was encouraged by the 08timation? What other

factors could be applied to encourage the 'd y-run'

through a word problem?

36. Simple ratios and simple fractions seem to be highly

ng
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abstract conceptt for children. Why? Do children

have difficulties with the concepts ofsimpleratios

and simple fractiont for some of the same reasons

they have difficultiet with word problems?

37; In the minds of teachert, what is teaching for

conceptualization?

38. Do teaching strategies for word problems which combine

conceptual development with procesA result in increased

retention as compared with teaching process alone?

39; re Moser, Jatet M.k Carpenter, Thomas P; (1982);

How much of the Children's improvement in performance

could be attributed tb the increased conceptualization

of the mathematical prOdetSes involved and how much of

this increased CondOptUalization could be attributed

to the Piagetian-type tWo-dimensional representations

of the word probleftlt appéaring on the computer displays?

The follOwing ten questiont for further research were

contributed by Anna Vance Yancy (1981) in her study titled:

Pupil Generated Diagrams as a Strategy for Solving Word Problems

in Elementary Mathematics:

40. Would the method (conceptual imagery through drawing)

be of more or less benefit to pupils of more or less
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aptitude than those subjectS in this stUdy?

41; Would the effect be more eit less pronounced if compared

to truly traditional insttuction rather than the Method

A/ Method B doMpAriSOn USed in this research?

42. Would the typical teacher adopt the drawing imagery

techniques with those positive effects experienced

by teachers in this study?

43. Would the technique be more or less effective at

other grade levels?

44. Do the acquired pupil skills represent a perManent

improvement in word problem sOlving ability?

45; Would the technique be as effective in other curriculum

areas, eg., sciende?

46. Could the technique be SUcCOSSfully taught to students

by workbdOkt WhiCh shOW pupils how to diagram the

inherent structure of word problems?

47. WhiCh type of learner would benefit most from which

method of instruction?

48. Could student generated diagrams be used to diagnose

1 f:
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individual pupil difficulties wi h mathematical

Concepts?

49. DO0-8 the inahility to diagram a problem indicate that

a student does not understand the concepts involved,
_

even if he calculates a correct answer?

5 How much do mathematics textbooks contribute or

distract from children's success in word problem

solving?

51. Have any rating scales been deVelOped which recognize

the presence or absence of specific strategies in

mathematics textbooks which are known to contribute

toward the encouragement of children'S Success in

Solving word problems?

52. Are Curridtlum concerns best served by Skinnerian

principles?

53. Are children's needs best served by Piagetian concerns?

5 . In the best interests of the efforts to improve

children's problem solving abilities should the most

meaningful contributions of both schools of thought,

behavioral and developmental, be combined in order to

maximize the effectiveness of these efforts? Should

InA
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these efforts be focused on teachers, children,

textbooks and materials?

55. A possible paradox: Does th0 entire edudatiOn effort

unintentionally 'stack the deck' atlairit WOrd problem

Solving then laments the results and pleada for

Solutions: a victim of its own size and complexity

which Cannot always readily change itself?
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APPENDIX

THE THREE GENERAL SEMANTIC CATEGORIES OF

ADDITION AND SUBTRACTION WORD PROBLEMS

Name of
The Category Characteristics Example

1. Combine Involves a Static There are 3 boys

relationship and 4 girls.

between sets. How many children

Asking about the there are

Union set or altogether?

about one of two

disjoint sub-sets.

2. Change describes increase John has 7 marbles.

or decrease in some He lost 3 of them.

initial state to How many marbles

produce a final does John have
state. now?

3. Compare involves a static Tom has 6 marbles.

comparison between Joe has 4 marbles.
two sets. Asking How many marbles

about the difference does Tom have more

set or about one of than Joe?

the sets where the

difference set is
given.

Nesher, P. and Others (1982)i


